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ERRATUM 


Page 361, lines 33 and ff. should read: 


Dipodomys spectabilis perblandus. BANNER-TAILED KANGAROO Rat. 


A large area along the western alluvial slopes of the Ajo Mountains from 
the vicinity of Copper Mountain south around the extreme southern end of 
the Valley of the Ajo was found to be inhabitated by these Kangaroo Rats. 
The region marks the westernmost point from which Banner-tailed Kangaroo 
Rats have so far been reported. A small colony was also found 
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AN APPARENTLY UNRECOGNIZED RACE OF 
REDWING FROM UTAH 
BY 
Louts B. BrisHop 


Pasadena, California 


In the spring of 1921, while visiting my sister and brother-in-law, 
Mr. and Mrs. J. Walcott Thompson at Salt Lake City, I collected a few 
Red-winged Blackbirds near Saltair, that seemed to me different from 
any race I knew of this species. Not only was the bill shorter and more 
abruptly pointed, but the shoulders of the males and throats of the 
females appeared more richly colored. Returning to California, I com- 
pared these birds with skins of nevadensis, the race these birds most 
resembled, and found my suspicions verified. But, before describing the 
Salt Lake bird, I wished to learn how and where it intergraded with fortis, 
sonoriensis and nevadensis, the races which probably surrounded it, and to 
learn where it wintered. I have therefore obtained redwings from this 
territory as opportunity presented. 


Not yet are my data by any means satisfactory, but, as Dr. Wood- 
bury of the University of Utah and Dr. Clarence Cottam of the Biolog- 
ical Survey are preparing a list of the birds of Utah, it seems advisable 
to describe the race now and present whatever evidence I have accumu- 
lated of its distribution. Thanks to the kind assistance of Dr. Oberholser 
and Dr. Wetmore, it is now possible to be certain that the series of red- 
wings referred to sonoriensis by authors are properly allocated, though 
breeding birds from southern Arizona, where the type of sonoriensis was 
collected, seem to be nevadensis (see Swarth, “A Distributional List of 
the Birds of Arizona,” Pacific Coast Avifauna, No. 10, 1914, p. 47), 
and those wintering largely utahensis. But redwings wander widely, often 
in immense flocks in winter, and members of any of these flocks may 
easily become connected with one of another race, as van Rossem has 
shown in his excellent “The California Forms of Agelaius phoeniceus 


(Linnaeus)” (Condor, Vol. 28, 1926, p. 215). At the mouth of the 
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Carmel River in western California, I collected an apparently breeding 
adult male typical of neutralis in a breeding colony of mailliardorum on 
June 24, 1922, (33870); and a typical female of the latter breeding in a 
colony of nevadensis at Victorville, San Bernardino County, California, 
on May 11, 1925 (37832), hundreds of miles and entirely across the 
State from the humid shores of the Pacific to the Mojave-Desert-sur- 
rounded Rancho Verde. 


Among the birds measured below will be found a typical specimen 
of nevadensis, collected by Walter Gilmore in a breeding colony of 
utahensis on the Bear River Marshes of Utah on June 23, 1930 (42518), 
and a typical adult male of sonoriensis, from a breeding colony of fortis 
taken by Paul E. Trapier at Montpelier, Bear Lake County, Idaho, on 
June 9, 1933 (49206). Such “accidents” are to be expected from the 
winter habits of the redwings, as said above, but can only result in sorrow 
to oologists, as they realize that the only way of being sure of the sub- 
specific identity of eggs of these races is to secure the parents. 


Excepting the series of utahensis from Prescott and Portal, Arizona, 
which are chiefly immatures collected from December to February, 
almost all the birds measured are adults collected in spring or summer 
on their breeding grounds. 


Agelaius phoeniceus utahensis subsp. nov. 
UrauH REDWING 


Type.—Female adult, breeding, Saltair, Salt Lake City, Utah, April 21, 
1921, No. 34706 of Louis B. Bishop, collector. 

Description.—Similar to females of A. p. nevadensis, fortis and sonoriensis, 
but with shorter and more acutely pointed bill, the base relatively higher; much 
darker than sonoriensis above, the pale edgings being darker, narrower and less 
rusty; slightly paler above than either fortis or nevadensis; below darker than 
sonoriensis with the white spaces narrower and the dark centers blacker; paler 
below than nevadensis, with the light spaces broader and the dark centers not so 
black; slightly paler below than fortis. In the Saltair birds the throat is washed 
with pale flesh color to salmon pink, instead of pale salmon buff to white. 

Measurements.—Length, 201.9 mm.; extent, 338.1; wing, 105; tail, 84; 
exposed culmen, 19; depth of bill at base, 10.3. 

Co-type——Male adult, breeding, Saltair, Salt Lake City, Utah, April 21, 
1921, No. 34704 of Louis B. Bishop, collector. 

Description—Similar to A. p. nevadensis, fortis and sonoriensis, but with 
a shorter, more acutely pointed bill, the base relatively higher; the shoulders 
usually spectrum red, instead of the scarlet to scarlet red common in other races. 

Measurements.—Length, 238.1 mm.; extent, 396.9; wing, 129.8; tail, 99.5; 
exposed culmen, 21.4; depth of bill at base, 10.7. 
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MEASUREMENTS OF A. p. utahensis, A. p. nevadensis, A. p. sonoriensis AND 


A. p. fortis FROM DIFFERENT LOCALITIES 
Exposed Depth Bill 


Length Extent Wing Tail Culmen at Base 
UTAHENSIS 
8 SS from 231.9-252.7* 395-412.7* 124-131.5 97-109 20-22.6 10.3-12.7 
Sileaeeand (239) (402.9) (128) CTS) Nemlie). 1 cs) 
Bear River 
Marshes, Utah 
2 SS from 121-126.3 91-95 21.9-22.6 12-13.5 
Gaeld >, | (123.6) (93) "@2ae az6) 
Utah 
4 So from 124.7-134 96-104 21.6-23 NDIEHENAES) 
Beaver Co., (129.6) (98.5) (222) (11.9) 
Utah 
5 SS from 120.8-128.3 93.7-98.7 21-22.5 12-12.7 
Portal, Ariz. (124.7) (96.5) (21.6) (12.4) 
5 SS from 125.8-130.7 93.4-97-3 20-229) ) WNE2=1225 
Breccate: Ariz! (288)) . G55)ie@L7) "005 
Race Total 120.8-134 91-109 20-23 10.3-13.5 
(24 S spec.) (278) (984) 05 C7)” a9) 
3 22 from 196.9-201.9  333.1-338 101.5-105 83-933 17.9-19 10.3-11 
Sieeendee) (1993) (333.8) (103.8) (86.8) (183) (108) 
Bear River 
Marshes, Utah 
4 22 from 105-116 80-99.2 18.7-20.5 9-11.3 
Beaver Co., (107.4) (87.5) (19.6) (10.4) 
Utah 
2 22 from 105.8-105.8 77-85.9 19.5-21.3 95-11 
Portal, Ariz. (105.8) (81.4) (20.4) (10.2) 
Race Total 101.5-116 80-93 .3 17.9-21.3 9-11.3 
(9 spec.) (106.4) (659) 193)) G05) 
1 2 from 101.8 87.2 19.1 10.4 
Newcastle, 
Colorado 
NEVADENSIS 
3 So from 212.9-235 126.7-128 O40 2252 2-2 Slee 
Coeur d’Alene, (224.5) (2772) (98.2) (23.3) (11.9) 
Idaho 
IEG Getromm 229-25 )-2 128-136 96.3-106.3 22-25.2 9.5-12 
Payette, Idaho (230.7) (126.9) (101.9) (24) (11.3) 
3 SS from 133.3-137.7 97-98 22.2-24.5 10-11.5 
Washoe Co., (165) (97.6) (23.1) (10.4) 
Nevada 
6 SS from 215.9-244.5 374.6-403.2 121.3-131 88.3-97.5 23.3-24.8 11-12.2 
Wirenale ©) (23611) (391.7) (126.8) (93.3) (24)) © Gis) 
California 
63° from 118.8-125.3 92.5-104.5 22-23.7  10.8-11.9 
Tucson, Ariz. (120.9) (97.1) (22.9) (11.3) 
Race Total 212.9-236.1+ 118.8-137.7 88.3-102.5 22-755 eo Sal8) 
(23 S Sec.) (230.4) (127.4) (Gs) 5036) * (i914) 
13 from 129.6 104.8 2D 11.8 
Bear River 
Marshes, Utah 


June 23 (No. 45218) 


* 4 specimens ‘+ 14 specimens 
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NEVADENSIS (cont.) 


Length Extent Wing Tail 
2 22 from 180.3-193.8 104.2-106 76.2-80 
Coeur d’Alene, (187.5) (105.1) (78.1) 
Idaho 
1 2 from 196.3 105 85.7 
Payette, Idaho 
1 2 from 106 79.5 
Washoe Co., 
Nevada 
6 22 from 193.7-206.1 333.1-350.9 100.8-107 77 .4-83.5 
Victorville, (200) (337.9) (104.3 ) (79.9) 
California 
4 22 from 102.2-109 82Z.5-85.3 
Tucson, Ariz. (106.9) (83.5) 
Race Total 187.5-206.1¢ 100.8-109 = 76.3-85.7 
(i452 epee) (196.7) (105.4) (81.1) 
SON ORIEN SIS 
13 So from 230.2-242.6  382.6-415.9 120.1-134 93.3-105 
Imperial and (237.6) (385.2) (129.1) (99.6) 
Riverside Cos., 
California 
1 o from 121 97 
Portal, Ariz. 
(No. 37645 ) 
1 °C from 129.5 99 
Bear Lake Co., 
Idaho 
(No. 49206) 
6 22 from 201.8-212.7 323.9-336.6 96.8-109.5 82.3-90 
Imperial and (209.9) (331.8) (105.6) (86) 
Riverside Cos., 
California 
FORTIS ® 
2 SS from 243 .8§ 389.9§ 121.5-130 90.7-99 
Miles City, (125.7) (94.8) 
Montana 
5 So from 122.3-130 87-95.6 
Bear Lake Co., (126) (92) 
Idaho 
Race Total 121.5-130 87-99 
(7 & spec.) (126) (92.7) 
2 22 from 188-196.9 298.5-306.1 101-104.5 77-78.3 
Miles City, (192.4) (302.8) (102.7) (77.6) 
Montana 
3 22 from 102-110.3 75.2-82 
Bear Lake Co., (105.8) (77.6) 
Idaho 
Race Total 101-110.3 75.2-82 
(5 ? spec.) (105) (77.6) 


$l specimen ‘9 specimens 


Exposed Depth Bill 


Culmen at Base 
20-20.5 8.9-10.4 
(20.2) (9.6) 
19.7 9.8 
18.5 9.8 
19.6-21.2 9.5-10.6 
(203) (10.5) 
18.5-20 10-11.8 
(19.2), sala) 
18.5-21.2 9.5-11.8 
(20.4) (10.2) 
22-24.7. 9.8-11.7 
(23.7) (10.6) 
24.7 10.3 
24.6 10.6 
18.5-20.5 93-10 
(19.4) (9.7) 
22-24 11.8-12.5 
(23) (i222) 
22.4-25.3 1I=12 
(24) (11.6) 
ADA 3) -12.5 
(3.7) aon uits) 
19.7-20.3 9.6-11 
(20) = (103) 
19.8-20.3 10.2-11 
(20.1) (10.6) 
19.7-20.3 9.6-11 
(20.1) (10.5) 
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A NEW RACE OF CLIFF SWALLOW 
FROM NORTHWESTERN MEXICO 


BY 


A. J. vaN RosseM AND THE Marquess HacHISUKA 
Dickey Collections, California Institute of Technology 


A series of cliff swallows taken from a breeding colony in June, 1937, 
in scuthern Sonora proved to be distinctly smaller than the measurements 
published by several authorities for Petrochelidon albifrons melanogaster 
(Swainson). However, since the material necessary for comparison 
proved to be unexpectedly rare in American collections, the matter was 
deferred until such time as that in the British Museum could be examined. 
This has recently been possible and the new race is described below as 


Petrochelidon albifrons minima subsp. nov. 


Type—Breeding male adult, no. 31894 Dickey collection; Pichicuate River, 
seven miles east of Alamos, southern Sonora, Mexico; collected by A. J. van 
Rossem and Robert Hannum, June 18, 1937. 


Subspecific characters—Similar to Petrochelidon albifrons melanogaster 
(Swainson) of the southern portion of the Mexican tableland but size smaller, 


pectoral region and flanks paler and more grayish (less brownish). 


Range—Northwestern Mexico and southwestern United States from 
southern Arizona (Nogales; San Bernardino Ranch on U. S.-Mexican Bound- 
arty) south to southern Sonora (Pichicuate River near Alamos) and Durango 
(Papasquiaro) and east to Chihuahua (Cajon Bonito Creek). Wéinter range 
unknown, but migrates through El Salvador (1 specimen, September 7, 1925). 
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Remarks.—Typical melanogaster is not a particularly small race, in fact it 
is only slightly smaller than albifrons. Swainson’s type of melanogaster seems 
to have disappeared from the collection at Cambridge, but his measurements are 
certainly those of the southern race. In this connection, van Rossem has exam- 
ined the type of Petrochelidon swainsoni Sclater (58.9.27.1, Brit. Mus.) and 
has found it to belong also to the southern race. 


Ten specimens of melanogaster have been examined from the States of 
Jalisco, Puebla, Vera Cruz, Michoacan, Mexico, and Oaxaca. 


In the following measurements no account has been taken of sex. In this 
species females average very slightly larger than males, but the difference is so 
small that it may be disregarded. 


MEASUREMENTS IN MILLIMETERS 
Extremes and Averages 
Wing Tail 


18 minima 96-102 (99) 40-46 (43) 
10 melanogaster 104-108 (106) 44-48 (46) 
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A DIMORPHIC SUBSPECIES OF THE BUSH-TIT 
FROM NORTHWESTERN MEXICO 


BY 


A. J. vAN RosseM AND THE Marquess HAcHISUKA 
Dickey Collections, California Institute of Technology 


Perhaps the most interesting of the several new races which have 
come to light as a result of the study of collections made by van Rossem 
and Hannum in southern Sonora in 1937 has been that of a new bush-tit 
which connects the two supposed species Psaltriparus minimus and Psal- 
triparus melanotis. The relationship of these two species or subspecies 
(depending on the point of view) has been the subject of some difference 
of opinion. Most American ornithologists continue to regard them as 
distinct species because in certain parts of Texas they apparently maintain 
specific status although occurring in the same localities. Others, notably 
Hellmayr (Catl. Birds Amer., 7, 1934, p. 91), treat them as conspecific, 
presumably because they are, in the main, complementary geographic 
representatives. Perhaps the latest authors to advocate specific distinction 
are Van Tyne and Sutton (Birds of Brewster County, Texas, 1937, pp. 
64-67), and while the present writers do not for a moment wish to go on 
record as contradicting such experienced field observers and do not deny 
for a moment that perhaps in Texas these two forms do meet as species, 
at the same time the behavior of the bush-tits in the mountains of south- 
eastern Sonora seems to make specific distinction impossible. According 
to present data, the case of Psaltriparus seems to be closely comparable 
with that of Polioptila where certain races meet as species in some areas 
but intergrade gradually and completely in others. Among mammals the 
genus Peromyscus offers certain analogies. 


The following diagnosis of a presumably connecting race is offered 
as a contribution to the problem. 
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Psaltriparus minimus dimorphicus subsp. nov. 


Type—Breeding male adult, no. 31,897, Dickey collection; Rancho Santa 
Barbara, 20 miles northeast of Guirocoba, southeastern Sonora, Mexico, altitude 
approximately 5500 feet in the oak-pine association of the extreme Upper Sono- 
ran Zone; collected by A. J. van Rossem and Robert Hannum, June 8, 1937. 


Subspecific characters—Compared with Psaltriparus minimus lloydi of 
Texas, paler and grayer throughout and in this respect exactly resembling Psaltri- 
parus minimus plumbeus of northern Sonora, northern Chihuahua, and southern 
Arizona. Males, both adult and juvenile, exactly similar to plumbeus in general 
coloration save that the forehead is even grayer and paler, with the forehead often 
neatly white, and the entire face, including the auriculars, black. Females, both 
adult and juvenile, exhibiting two types of head coloration; in the gray phase 
indistinguishable from plumbeus; in the dark phase very similar to the males but 
black of face varyingly mixed with brown or gray. 


Range—The Sierra Madre of southeastern Sonora and southwestern 


Chihuahua. 


Remarks.—On June 8 a family of bush-tits which consisted of the two 
parents and some half-dozen juveniles only recently on the wing was encountered 
in an oak grove at Rancho Santa Barbara. The entire family was collected but 
only the two adults and three of the young could be found. In this family the 
male parent is black-faced; the female is in the gray phase and indistinguishable 
from plumbeus; the two juvenile males are exactly like the male parent, and the 
juvenile female is exactly like the female parent. Specimens subsequently taken 
in the same locality were black-faced in the cases of the males and mixed black 
and grayish brown in the cases of the females. Unfortunately no other family 
parties, identifiable as such, were encountered. 


It is to be noted that even though certain “die-hards” refuse to take the 
above data as to specific identity on the grounds that no intergradation in the 
single character of face coloration has been shown in males, this race must be 
recognized as distinct from /loydi on the comparative characters given above. 


We are indebted to the Museum of Comparative Zoology for the 
loan of Texas specimens of lloydi and of dimorphicus from southwestern 


Chihuahua. 
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DESCRIPTIONS OF THREE NEW BIRDS 
FROM WESTERN MEXICO 


BY 


A. J. vaN RosSEM 
Dickey Collections, California Institute of Technology 


Sula leucogastra albiceps subsp. nov. 


For some years there have been two adult male boobies in the Dickey 
collections taken by Donald Dickey himself on Isabel Island near the 
Tres Marias group off the coast of west-central Mexico. Between these 
two specimens and a small series of Sula leucogastra brewsteri Goss from 
the Gulf of California there were pronounced differences in several 
characters and several times the writer has been tempted to recognize 
these by name. However, the matter has been held in abeyance until 
confirmation was forthcoming through additional material. This has 
been provided through a series of seven adults collected by Nelson and 
Goldman on Isabel Island and preserved in the collections of the Biolog- 
ical Survey; and in the National Museum collection are additional 
examples of this very distinct race from Isabel Island collected by Gray- 
son, and from Manzanillo, collected by Xantus. 


Type.—Breeding male adult, 28860 Dickey collection; Isabel Island, west- 
ern Mexico, June 8, 1929; collected by Donald R. Dickey; recorded colors of 
soft parts are: “Bill, grayish, brown, greenish basally; gular pouch, space around 
eyes, and forehead membrane, bluish purple; feet greenish; nails blue.” 


Subspecific characters —In general resembling Sula leucogastra brewsteri 
Goss of the Gulf of California, but bill very much smaller and more slender and 
in this respect very close to, if not identical with, Sula leucogastra etesiaca Thayer 
and Bangs. Differs from both of the above races, however, in the paler upper 
parts and chest; males with the head white, whereas in brewsteri the white is 
present as a broad white ruff on the forepart of the head and face, and in etesiaca 
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as a narrow grayish-white band between the bill and the darker face and head. 


Range.—Breeding, so far as known, confined to Isabel Island off the coast 
of western Mexico. Occurs (not breeding) along the mainland coast (Man- 


zanillo, Colima). 


Remarks—The only mainland occurrence known to me is that of an adult 
male in extremely worn plumage taken at Manzanillo, Colima by Xantus in 
1863, and now in the United States National Museum. 


In the above comparisons I have purposely avoided discussion of the status 
of the boobies of this species from the Revillagigedos and Clipperton Islands. 
Those from the last named island in particular probably belong to still another 
race, but this I do not wish to describe on the basis of the three specimens now 
available. 


MEASUREMENTS OF BILLS IN MILLIMETERS 


Depth at Angle 
Exposed Culmen of Gonys 
7 adult male brewsteri 93-102 14.0-16.5 
8 adult female brewsteri 100-106 15.5-17.0 
7 adult male albiceps 88- 91 11.0-12.2 
5 adult female albiceps 91- 98 13.0-14.5 


Herpetotheres cachinnans excubitor subsp. nov. 


Most systematic ornithologists have for some time been convinced 
that the name Herpetotheres cachinnans chapmani Bangs and Penard 
could by no means be stretched to cover all of the laughing falcons of 
Mexico and Central America, although Ludlow Griscom (Distr. of Bird 
Life in Guatemala, 1932, pp. 159-161) seems to have been the only 
person to have intimated this in print. Probably the chief reason for 
the delay in nomenclatural action has been the lack of material from 
critical areas in American museums. At any rate, after examination of 
the series of 21 specimens in the British Museum as a check on notes 
previously made on specimens in various American institutions, there 
seems to be every reason for the recognition of another race. 


Type—Male adult, 90.4.28.232 British Museum; Volcan de Colima, south- 
ern Jalisco, Mexico, January 1, 1889; collected by W. B. Richardson. 


Subspecific characters—Similar to Herpetotheres cachinnans chapmani 
Bangs and Penard of the lowlands of Yucatan, Tabasco, Vera Cruz, and eastern 
Central America, but size larger and tail proportionally longer; coloration averag- 
ing paler and light bars on the rectrices wider. 


Range.—Western Mexico from the Isthmus of Tehuantepec north to Sina- 
loa and probably to extreme southern Sonora. 


Remarks.—The type of chapmani (from Quintana Roo) is, as Griscom has 
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stated, a very small bird. Two Yucatan specimens (Brit. Mus. and Biol. Surv.) 
examined by me are also very small and decidedly more buffy than average. 
This small, short-tailed, slightly more buffy race is apparently confined to the 
Atlantic slope lowlands from Vera Cruz southward, and on both Atlantic and 
Pacific coasts from southern Nicaragua south to Panama. Most of the speci- 
mens from southern Central America are, however, more or less intermediate 
toward cachinnans. On the west coast of Mexico all specimens examined are 
marked by paler, occasionally nearly white, underparts, generally larger size, 
proportionately longer tails and wider and more uniform tail bands. South of 
the Isthmus of Tehuantepec the situation is by no means so simple, for most spect- 
mens are more or less variable individually. The general trend of highland birds 
is toward large size, although, save for wing measurements, I have never seen a 
Central American specimen as large as those from western Mexico. However, 
large size is by no means confined to the highlands, for some birds from the 
lowlands of El Salvador are fully as large as the largest from interior Nicaragua. 
What one calls this interior and west coast population of laughing falcons is 
purely a matter of choice, a choice which will be governed largely by the material 
at hand at the moment. As a matter of fact, they have a conglomeration of 
excubitor and chapmani characters, with cachinnans tendencies to confuse the 
issue from Lake Nicaragua southward. 


In the following series of measurements sex has been disregarded. For one 
reason, I have never been able to detect any average size differences in specimens 
sexed by collectors whose reliability is unquestioned; for another, I am morally 
certain that, judging by their determinations of sex in other species, certain other 
collectors have a marked tendency to note the sex according to their ideas rather 
than by actual dissection. 


MEASUREMENTS IN MILLIMETERS 


Culmen Middle Toe 
Wing Tail from Cere Tarsus minus Claw 
10 excubitor from 280-302 235-250 25.1-26.8 66-70 44-47 
western Mexico 
10 chapmani from 255-275 200-230 21.0-25.7 56-64 40-43 


eastern Mexico and 

Central America 

12 variables from 270-295 201-230 BED) 58-66 41-44 
western and interior 

Central America 


Jacana spinosa lowi subsp. nov. 


The jacanas from over the great range of both coasts of Central 
America and Mexico have usually been considered as being representative 
of but a single race, Jacana spinosa gymnostoma (Wagler). The writer 
recently has had access to the splendid series in the British Museum and 
has been unable to note any significant variation over this area save that 
in the extreme northwestern portion of Mexico there is an abrupt decrease 
in size; indeed this feature is so pronounced that it seems necessary to 
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provide this part of the jacana population with a separate name. 


Type—Male adult, 91.10.20.49 in the British Museum; Santiago, Tepic 
| =Nayarit |, Mexico, May 13, 1889; collected by W. B. Richardson. 


Subspecific characters—Similar to Jacana spinosa gymnostoma (Wagler) 
of eastern and southern Mexico and Central America but size very much smaller, 
so much so in fact that the females of lowi approach in size the males of typical 
gymnostoma. 


Range.—Northwestern Mexico from Jalisco (Zapotlan) north through 
Nayarit (Santiago; San Blas; Tepic) to Sinaloa (Mazatlan). 


Remarks—There are apparently no names available for the northwestern 
race. Parra cordifera Lesson was described from Acapulco, Guerrero, but the 
three specimens examined from there are typical gymnostoma. 


This race is named for Dr. George Carmichael Low in recognition of his 
work in connection with the Charadriiformes. 


MEASUREMENTS IN MILLIMETERS 


Middle Toe 

Wing Tarsus minus Claw 
10 adult male gymnostoma 115-124 54-57 48-53 
10 adult male loni 106-115 47-53 46-50 
10 adult female gymnostoma 130-136 59-64 55-60 


6 adult female loni 126-130 55-58 53-55 
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A COLORADO DESERT RACE OF THE 
SUMMER TANAGER 


BY 


A. J. vAN RossEM 
Dickey Collections, California Institute of Technology 


Since the early days of California ornithology the summer tanagers 
of the Lower Colorado River Valley have usually been referred to Piranga 
rubra cooperi Ridgway, described from Los Pinos, New Mexico. Pre- 
sumably all of the several authorities of record who have so assigned these 
Colorado River birds never made direct comparison with authentic cooperi, 
for it is otherwise inconceivable that a race which possesses such definite 
characters could have been overlooked until now. The present writer 
has been equally remiss, and it was only as a matter of routine, when 
checking the characters of a series of 34 specimens of this species from 
various parts of eastern and central Sonora that the distinctness of the 
Colorado River Valley birds was noticed. 


The Dickey collection contains a splendid series of 39 specimens from 
the Colorado River Valley as one of the results of the industry of Lau- 
rence M. Huey, and as a tribute to this veteran student of California 
birds and mammals I take pleasure in naming for him the race described 
below. 

Piranga rubra hueyi subsp. nov. 
Type—Breeding female adult, no. 11,687 Dickey collections; Pot-holes 


[Laguna Dam], Imperial County, California; collected by Laurence M. Huey, 
May 18, 1916. 


Subspecific characters — Similar to Piranga rubra cooperi Ridgway of New 
Mexico, eastern Arizona, western Texas, and contiguous parts of Mexico, but 
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bill averaging even larger in series; coloration paler and grayer throughout; 
females with rumps grayish green or greenish gray instead of dull yellowish green, 
and edgings of wing coverts and remiges greenish gray or even plain light mouse 
gray instead of yellowish green or greenish yellow; adult males with less obvious 
characters than females and young males, but perfectly distinct through the paler 
and more rosy red (less blood red) coloration and grayer wing coverts and wing 


edgings. 


Range.—The Lower Colorado River Valley in extreme southern Nevada, 
southeastern California, and southwestern Arizona. Winter range unknown. 


Remarks.—The race cooperi in several respects is an intermediate between 
rubra and hueyi and, of course, occupies an intermediate geographic position. 
A series of 7 specimens from Sabinas, Coahuila, in the Dickey collection is 
definitely closer to cooperi, being equal to that race in large size and intermediate 
toward rubra in color. I know of no records for the species between the Colorado 
River Valley and south-central Arizona. Specimens from Tucson, the Santa Cruz 
River Valley, the San Bernardino River Valley, Fort Lowell, and the Chiricahua 
Mountains are definitely cooperi. All specimens from Sonora from the vicinity 
of Nogales and southeastward to the Sinaloa boundary are likewise cooperi. 
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MEGALONYX MILLERI, A NEW 
PLEISTOCENE GROUND SLOTH 
FROM SOUTHERN CALIFORNIA 


BY 


GRETCHEN M. Lyon 
University of California at Los Angeles 


INTRODUCTION 


Southern California has contributed very little to the knowledge 
of Megalonyx, the extinct genus of ground sloth. The Pleistocene 
asphalt beds of Rancho La Brea in Los Angeles, covered by Stock’s 
extensive monograph (1925), have offered a greater number of speci- 
mens than any other location in southern California, but have included 
no skulls in the collection. The particularly handsome, though incom- 
plete, skull described here, therefore is of value and interest. 


Thomas Jefferson first brought Megalonyx into public notice and 
named it generically in 1797 when he read a paper concerning parts of it 
found in Virginia. Not until 1822 did Desmarest name it specifically, 
Megalonyx jeffersonii. Finally in 1855 Joseph Leidy’s memoir was pub- 
lished with full description and illustrations made from material assembled 
from various parts of southern North America. He had two almost 
complete skulls in addition to other parts of the skeleton. In publications 
concerning discoveries of Megalonyx jeffersonii which have appeared 
since then and among other described species there have occurred only 
meager remains of skulls. Lindahl (1893) describes and illustrates an 
exceptional specimen of Megalonyx leidyi, showing for this species the 
structure of the zygomatic arch, which has been lacking from specimens 
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of Megalonyx jeffersonii. Our knowledge of the various species in this 
genus, therefore, depends principally on the specimens described by Leidy 
and a scattering of other material found particularly in southeastern and 
middle western states of North America. Although there have been no 
complete animals found, by combining the finds from the several localities, 
almost a complete understanding of the greater part of the skeleton has 
been furnished. 


The present specimen was recovered from the San Pedro horizon of 
California in May 1938 by John L. Quick, a student in the Geology 
Department of the University of California at Los Angeles. Located in 
the city block bounded by Second and Beacon streets, a section of a 
plateau or mesa exposes both horizons of Lower and Upper San Pedro, 
covered over by the Palos Verdes Terrestrial. The Upper San Pedro, 
made up of coarse gravels and sand rich in molluscan fossils with occa- 
sional vertebrate remains, is cut through by a wash of Palos Verdes 
Terrestrial sand, in which, and adjoining the Upper San Pedro horizon, 
were found the several elements described in this paper. Since the Palos 
Verdes Terrestrial was laid down in late Pleistocene, apparently these 
sloth bones may be considered as belonging to that period in Geologic 
history. 


My primary acknowledgment goes to Dr. Loye H. Miller of the 
University of California at Los Angeles for his continued cheerful guid- 
ance and criticism. Then to Dr. Chester Stock of the California Institute 
of Technology is due acknowledgment of his interest in the specimens 
and his assistance in obtaining literature concerning Megalonyx, also for 
his offer of John L. Ridgway’s services. The plate and line drawing 
executed by Mr. Ridgway were more than ordinarily appreciated since 
he completed them just prior to his retirement. 


Megalonyx milleri, new species 


Locality and Geological horizon.—Locality no. 1063.12, University of 
California at Los Angeles, from the terrestrial part of the Palos Verdes forma- 
tion, San Pedro, Los Angeles County, California; late Pleistocene. 


Type specimen.—Skull including cranial and facial portions and right 
zygomatic, distal end of radius, fragment of thoracic vertebra; catalogue no. 8134, 


Department of Geology, University of California at Los Angeles. 


Specific characters —Distinct slope of supraoccipital region, narrow tem- 
poral region. 
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DESCRIPTION 


Skull—The skull, by no means complete, includes the cranium and facial 
and occipital regions. The entire dentition, palate and base of the cranium are 
lacking except for occasional fragments, including part of the basioccipital and 
one bulla. There are sections of the zygomatic arch in the collection, which, 
except for a part of the right side, are too incomplete to be reconstructed. 


The dorsal profile of the skull taken from a lateral view exhibits a con- 
cavity at the forehead and a convexity above the nose as described by Leidy 
(1855), and the development of a shallow flat sagittal crest. The slope of 
the supraoccipital bone and the occipital condyles posteriorly from the supra- 
occipital crest is noticeable, as it reaches an angle of 128.5 degrees with the 
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Fig. 1. Diagram comparing the slope of the supraoccipital region in the three species. 


plane of the sagittal crest. This differs considerably from that of Megalonyx 
jeffersonti and Megalonyx leidyi, in which the angles are very nearly alike, 104 
degrees in the former and 108.5 degrees in the latter (see fig. 1). A small crest 
ascends up the midline of the supraoccipital and joins the superior edge of 
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the foramen magnum with the vertex of the supraoccipital crest. The surface 
of the supraoccipital bone is rough, covered with depressions and rugosities for 
muscle attachments. 

The supraoccipital crest is rugged over its total length, evidently serving 
as attachment for the neck muscles along the entire distance. The crest is not 
high toward the vertex, but displays extensive development laterally to be joined 
by the growth of the zygomatic process of the temporal bone. The extensive 
lateral development of the crest in this region results in a greater breadth of 
the supraoccipital bone than through the region of the paramastoid process. 
Although the general contour of the supraoccipital bone and crest is similar 
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Fig. 2. Diagram comparing the development of the supraoccipital crest in the three 
species. 


to that of Megalonyx jeffersonii, it lacks the breadth found more dorsally in 
Megalonyx leidyi, caused in the latter by the higher position of the origin of the 
zygomatic process on the supraoccipital crest (see figs. 1 and 2). There is no 
V-formation at the vertex of the crest; it curves evenly toward the midline with 
no overhang at any point. 


The short sagittal crest is low, thick and furrowed with an irregular groove, 
typical only of the genus Megalonyx. At its anterior end it is joined by a dis- 
tinct, somewhat roughened ridge arising from the postorbital process on each 
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side. The angle formed by the divergence of the temporal ridges agrees more 
closely with that of Megalonyx jeffersonit, 55 degrees in the former and 46 
degrees in the latter; M egalonyx leidyi has a much less acute angle of 76.5 degrees. 
Sloping gently downward from the sagittal crest are the sides of the narrow 
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Fig. 3. Diagram comparing the contour of the skull as seen in dorsal view in the three 
species. 


poorly developed cranium, narrower than that of either M egalonyx jeffersonii or 
Megalonyx leidyi (see fig. 3). This temporal region, just anterior to the supra- 
occipital crest is marked with cavities and rugosities for muscle attachments and 
blood vessels. A noteworthy development of the temporal bone is its zygomatic 
process directed laterally and ventrally as well as anteriorly. It is broken off near 
its base on the left side but is more nearly complete on the right. 
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In the case of the zygomatic arch (fig. 4), enough is present to give a 
fair concept of its structure, which varies a little from that of Megalonyx leidyi. 
The latter, as illustrated by Lindahl (1893), was used for comparative material 
because Leidy’s Megalonyx jeffersonti was without a zygomatic. The zygomatic 
process of the temporal, projecting forward as described above, is more or less 
complete for approximately 141 mm. from its origin on the supraoccipital crest, 
and has a diameter dorso-ventrally of 38 mm. The anterior end of the process, 


as described for Megalonyx leidyi by Lindahl, makes the sudden upward and 


Fig. 4. Zygomatic arch fragment from San Pedro. Lateral view, X 4/5. 


posterior turn on its dorsal surface into a well defined process, the dorsal prong, 
35.5 mm. long and about 16 mm. in antero-posterior diameter. Almost directly 
ventral to the dorsal prong is a semicircular roughening on the postero-lateral 
surface of the zygomatic process as it turns backward into a ventral prong. This 
rugosity is about 36 mm. long and 11.5 mm. wide at its widest point. Ventral 
to the rugosity, as mentioned above, extends the root of the ventral prong, 
described as the free ascending ramus by Lindahl. Since most of the prong is 
missing, no idea concerning its length can be given. Anterior to this and to 
the rugosity, the bone begins to thicken and continues into the malar process. 
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A great part of the malar process is lacking and, since it is well fused with 
the zygomatic process, it is not evident where the two join. The orbital process, 
a stout nubbin of bone, arises from the malar 76 mm. from the posterior tip of 
the dorsal prong. The section of malar bone remaining measures 91 mm. through 
its greatest length from the rugosity on the zygomatic process. This portion of 
the bone forms part of the ventral border of the orbit and is 60 mm. ventral to 
the orbital process, as compared with 50 mm. in Megalonyx leidyi (Lindahl, 
1893). The angle formed by the ventral malar border of the orbit with the 
dorsal prong measures 48.5 degrees. A ridge begins on the medial surface of the 
malar near the region of the rugosity described on the lateral side and pursues a 
course near the anterior border past the orbital process and along the inner 
surface of the dorsal prong nearly to its end. 


Fig. 5. Bulla from San Pedro. Ventral view, X 1/1. 


The paramastoid process curves very slightly anteriorly and is prominent 
as a continuation of the supraoccipital crest. Just medial to it is the stylohyal 
process. The external auditory meatus and half of the condyloid foramen are 
present on each side. The bullae, however, are broken off, one existing as a frag- 
ment, triangular in shape, and partially inflated along the medial border (fig. 
>). A fragment of the basioccipital includes barely more than the anterior 
portion of the two insertions for the rectus capitis muscles and an inch and a half 
of bone anterior to them. The glenoid fossae are flat, with very little curvature 
and are directed antero-laterally. They are long in that direction in comparison 
with their narrow width antero-posteriorly. 


The foramen magnum is large, wider than high, and bounded laterally by 
the large outspread condyles. Their surfaces are flat, not curved, which, along 
with their breadth, results in a strong but less flexible joint than is formed by 
curved condyles. The articular surfaces are bent transversely in the middle as 
described by Leidy (1855). The superior halves are directed dorsally, anteriorly 
and laterally, the inferior halves ventrally, anteriorly and medially. 


The incomplete orbits are small, with only parts of the shallow orbital sur- 
faces present in the specimen. The roots of the zygomatic arches are also absent 
altogether. Both sides possess antorbital and postorbital processes; from the 
latter ascend the ridges mentioned in connection with the sagittal crest. These 
ridges slightly overhang and border the temporal fossae. 
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The nasal region is conspicuous because of the large oval, almost rectangu- 
lar, nares, rising dorso-medially into a shallow convex bump. The lateral margins 
of the nares are perpendicular to the floor of the skull; no sutures are indicated, 
so boundaries of bones cannot be ascertained. 


According to such measurements as can be determined and compared with 
those of Dr. Leidy’s Megalonyx jeffersoni: (table 1), the San Pedro animal is 
somewhat smaller, as is true also of Stock’s Megalonyx jeffersonii californicus 
(1913). The lineal measurements of inches and lines employed by Leidy have 
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Fig. 6. Radius fragment from San Pedro. Distal (A) and anterior (B) views, X 1/2. 
Drawn by John L. Ridgway. 


been converted into millimeters. Lindahl’s figures on Megalonyx leidyi also 
have been included in the table for comparison. 
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Radius (fig. 6). —The radius material consists of one distal end only, which 
is convex anteriorly, concave posteriorly and with a maximum length of 153 
mm. (6 inches). It presents two articular surfaces, a considerably roughened 
one for articulation with the ulna, and a smoother concavity for articulation with 
the carpus. The former is a triangular depression bordered on the posterior mar- 
gin by a prominent rugosity continuing distally until cut off transversely by a 
deep groove. A thick ridge of bone separates this groove from the carpal articu- 
lation. The opposite border of the radius terminates in a conically protuberant 
styloid process. 


The carpal articulation is a deep triangular concavity slanting distally toward 
the styloid process. Between the latter and the radial process is a shallow groove 
for the extensor tendons. As remarked concerning the skull, this specimen proves 
to be a bit smaller than Leidy’s radial elements (table mm). 


Fig. 7. Thoracic vertebra fragment from San Pedro. Anterior (A) and lateral (B) 
views, X 2/3. 


Posterior Thoracic Vertebra. (fig. 7) —A part of a posterior thoracic ver- 
tebra, reconstructed from two fragments of bone, consists principally of a portion 
of the neural arch and spine. The ends of the transverse processes are missing 
and most of the neural spine. The bone presents, however, a satisfactory picture 
of the anterior zygapophyses, which measure across their greatest diameter 88 
mm. The greatest internal diameter of the vertebral foramen is 55 mm. Only 
the dorsal borders and a small fraction of the articular surfaces of the costal 
facets are present. 


CONCLUSIONS 


Stock (1925) lists seven localities in California from which Pleisto- 
cene Megalonychinz, associated with other forms of ground sloth, have 
been recovered. Rancho La Brea, the locality nearest San Pedro, has 
contributed members of this family, including Megalonyx, the latter, how- 
ever, according to Stock, forms a small percentage of the total fauna. The 
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San Pedro discoveries thus far have consisted of two second phalanges; 
the Rancho La Brea collection contains no skull, but an assortment of 
other parts, lower jaw, vertebre, and leg bones. The elements found there 
agree with those of Megalonyx jeffersonii, apparently varying only in 
minor details, mostly size, and Stock has called this Rancho La Brea form 
a subspecies, Megalonyx jeffersonii californicus. The above seems to be 
true only partially for the San Pedro specimen; divergence from Mega- 
lonyx jeffersonit, also Megalonyx leidyi, has consisted of more than mere 
size and minor details. It may be a member of the same species as the 
Rancho La Brea specimens, but shows characters too individual to be 
relegated to a subspecies. It is very possible that the two forms could 
have existed in close proximity to each other. But the lack of skull mate- 
rial in particular prevents a definite decision concerning their similarity. 


Question may arise as to the species Megalonyx sierrensis, another 
form from California, described by Sinclair (1905), but again there is no 
skull material to check. Megalonyx sierrensis might well be a different 
species due to difference in the terrain it inhabited in the foothills of the 
Sierra Nevada range. It should be remembered, however, that the exact 
locale from which the San Pedro specimen may have been washed is not 
known. 


Megalonyx wheatlyi was described by Cope (1899) from poor skull 
material; but from such details as can be ascertained, the San Pedro skull 
does not resemble it. For example, the ridge or keel ascending from the 
foramen magnum to the supraoccipital crest terminates in a definite 
process on the crest and is more prominent in the former than in the latter. 


Certain characters stand out as decidedly different from those of 
Megalonyx jeffersonii: (1) the slope of the supraoccipital bone and (2) 
the breadth of the temporal region; different from those of Megalonyx 
leidyi are: (1) the slope of the supraoccipital bone, (2) the development 
of the supraoccipital crest, (3) the position on the supraoccipital crest of 
the origin of the zygomatic process and (4) the breadth of the temporal 
region. On the basis of the above considerations, a new species is pro- 
posed with the name of Megalonyx milleri, in honor of Dr. Loye H. 
Miller. 
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TABLE I 


SKULL 


Length of skull from occipital condyles 


to anterior margin of first molar alveoli 


Length from inion to anterior margin of 
nasals 


Length of temporal fossa to post orbital 
protuberance 


Depth of temporal fossa in straight line 


Length of face from post orbital 
protuberance 


Height of face from most prominent part 


to middle of hard palate 


Breadth of face at post orbital 
protuberance 


Breadth of face at anterior extremity 


Breadth of face at sides of first molar 
alveoli 


Height of face at anterior extremity 
Diameter of orifice of nose 


Length of face from first to last molar 
alveolus 


Breadth of cranium at narrowest part of 
temporal region 


Length of sagittal crest 


Height of inion from inferior margin of 
occipital foramen 


Breadth of inion at paramastoid process 


* Measurements only approximate due to absence of alveoli. 
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Megalonyx Megalonyx Megalonyx 


leidyi 


mm. 


343 
309 


199 
108 


115 
136 


123 
83 


101 
101 
77 


150 


91 
144 


107 
165 


jeffersonu 
mm. 


milleri 


153 
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TABLE II 


SKULL 
Megalonyx miller 


Most posterior point of occipital condyles to most anterior point of nasals 

Supraoccipital crest to anterior point of nasals, medial measurement 

Most inferior point of occipital condyles to most superior point of supra- 
occipital crest 

Most superior point on supraoccipital crest to superior border of foramen 
magnum 

Greatest inside height of foramen magnum 

Greatest inside width of foramen magnum 


Greatest width of supraoccipital crest at level of superior border of fora- 
men magnum 


Greatest width of skull at level of paramastoid process 

Greatest width of individual occipital condyle disregarding bend 

Interorbital constriction at narrowest point 

Narrowest width of temporal region 

Narrowest width of zygomatic process anterior to losing its identity in 
temporal bone 

Greatest width through nasals 

Skull width through most lateral borders of glenoid fosse 

Skull width through external auditory meatus 

Superior border of foramen magnum to most anterior median point of 
nasals 

Glenoid fossa, greatest width antero-posteriorly 


Glenoid fossa, greatest width medio-laterally 


mm. 
348.0 
277.0 


106.5 


76.0 
34.5 
41.0 


161.0 
153.0 
36.0 
125.0 
76.0 


43.0 
102.0 
180.5 
141.5 


318.5 
27.0 
65.0 


Most posterior limit of paramastoid to most posterior limit of glenoid fossa 63.0 


TABLE III 
RADIUS 
Megalonyx Megalonyx 
jeffersonit milleri 
No. 1 No. 2 
mm. mm. mm. 
Greatest breadth at distal end 94 107 96 
Breadth carpal articulation 82 5p 


Greatest antero-posterior diameter of carpal 
articulation 59 
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EXPLANATION OF PEATE 


Skull of Megalonyx milleri from San Pedro, California 
Lateral (A) and dorsal (B) views, X 3/8. 
Drawn by John L. Ridgway 
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AN ILLUSTRATED NOTE ON THE MATING AND 
EGG-BROODING HABITS OF THE TWO- 
SPOTTED OCTOPUS’ 


BY 


Denis L. Fox 
Scripps Institution of Oceanography, University of California 


The two-spotted octopus, Polypus bimaculatus, is quite common 
along the shores of southern California. Specimens are taken from tide- 
pools for the supply of our Institution’s aquarium and museum. 


The following illustrated note is offered because it is relatively rare 
that one has an opportunity to witness copulation in this cephalopod, with 
the added chance of observing the process closely and of obtaining a 
photographic record of it. 


The two specimens which were on display in our aquarium were 
the survivors of a batch of four, taken in September, 1937; they were of 
adult size, having a tentacle length of perhaps 12 to 15 inches. The sexes 
are not differentiable by casual observation, and Stillman Berry (Bull. 
Bur. Fisheries, Vol. 30, pp. 269-336, 1910) points out that the “hectoco- 
tylus of the male . . . (is) exceedingly minute, involving only the 
extreme tip of the third right arm; marginal groove terminating in a small 
much flattened papilla, beyond which the minute conical tip is naked.” 


On April 12, 1938, Mr. C. W. Palmer, the aquarium attendant, 
drew attention to the positions of the two animals, adding that he had 


1 Contributions from the Scripps Institution of Oceanography, New Series, No. 38. 
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seen a similar performance for the first time on the preceding day. The 
male had settled in the front glass wall of the tank, while the female 
occupied a neighboring corner, as shown in the accompanying series of 
photographs. (The white organisms below the cephalopods are anemo- 
nes.) The male had inserted the tip of the third right tentacle into the 
mantle of the female, for a length of about one and one-half to two 
inches. While Mr. E. F. Arasim, photographer, assigned to our local 
Works Progress Administration Project (No. 9237D), remained in the 
aquarium with camera set on its tripod before the tank, the writer worked 
from a position above and behind the scene, carefully lowering a hooked 
length of wire, and pulling gently on the inserted arm until the male 
suddenly withdrew it and temporarily tucked it in close to his body. 
Within a few moments, however, he again extended the tentacle toward 
the female, without once moving the position of his body. A series of nine 
photographs, of which three are here reproduced, was taken, showing 
his gradual approach and the final positions of the animals after the 
reinsertion of the tip of the third right arm. Intervals between each expos- 
ure in the first seven pictures were of only about four seconds; exposure 
times were of about two seconds’ duration; thus the entire seven exposures 
represent an elapse of only about forty seconds. The final two exposures 
were unsuccessful attempts to obtain some detail regarding the manner of 
insertion. After ten or fifteen minutes, the arm was withdrawn spon- 
taneously. 


Next day, April 13, at 5:20 P. M. the pair was again observed in 
copulation, the male now in the lower right corner of the tank, the female 
above in the angle between the concrete side and the glass part of the 
aquarium. Again the animals remained as far apart (about 12 to 14 
inches) as would permit merely the insertion of the tip of the outstretched 
hectocotylized arm. The female sat quietly, some of her tentacles over or 
otherwise in contact with the male’s inserted arm. Upon moving a hand 
persistently directly in front of her position in the aquarium, she finally 
became somewhat alarmed at the sight, consequently raising her body 
slightly and moving away; this disturbed the male to the extent that it 
was possible to witness the rapid withdrawal of the hectocotylized tip 
from its inserted position in the female’s mantle mid-ventrally beneath 
the abdominal sac, just beneath the funnel or exhalant siphon. 


Copulation continued intermittently in the manner described dur- 
ing a period of about a week following these observations. Then on 
April 23, the female began depositing eggs in the usual colorless clusters, 


PLATE 2 
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Fig. 1—Male octopus extends third right tentacle. 
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Fig. 3—Final positions of the animals. 
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attached to central stalks which were in turn fastened to the concrete 
aquarium wall. Following egg-laying, copulation was not resumed. 

It is of additional interest to record a few notes regarding the atti- 
tude of the female toward her eggs. She remained crouched over the egg 
mass at all times, and, according to the attendant, refused food while in 
this position. She often raised herself slightly away from the egg mass 
but remained directly over it, taking water into the incurrent siphon and 
directing it in a vigorous jet through the excurrent siphon, over the egg 
mass. 


On the morning of April 29, the tank was drained for regular clean- 
ing operations. While the male octopus retired into the water as the level 
was continually lowered, the female refused to leave her position over 
the egg mass, but hung there during the entire interval of about 15 to 20 
minutes. While she hung motionless during most of the interval, resem- 
bling a skinny sack-like carcass, there were occasionally barely perceptible 
rippling muscular movements over the tentacles. The eyes were closed. 
At intervals of about 3 to 5 minutes, the octopus took in a great spas- 
modic gulp of air through her inhalant siphon, while her body and tenta- 
cles quivered. As the water was gradually restored to its former level, 
the animal began taking in great gulps of air even before the water 
reached its gill opening. After reimmersion in water, rapid respiratory 
movements were observable for a short while, but these soon assumed the 
normal rate. The remarkably tenacious maintenance of a guard over the 
eggs would appear to be emphasized by the fact that it persisted under 
conditions which are probably not encountered in Nature. 


The male died shortly after this date. While the female retained 
her guard over the eggs, during the elapse of several weeks, these unfor- 
tunately disappeared later on, from an unknown cause. 


Thus, while we were not able to witness development and hatching 
of the young in this instance, we did observe incipient cell proliferation 
in some of the eggs taken at an early date after laying and felt fortunate 
in having seen and recorded this note on mating, egg-laying, and subse- 


quent guarding of fertilized eggs by the female. 


On a previous occasion a year earlier, two females of the same 
species, collected August 27, 1936, deposited eggs on April 9 and April 
22, 1938, respectively. Microscopic inspection of these eggs and unsuc- 
cessful attempts to hatch them led us to conclude that they were sterile; 
furthermore, it would seem unlikely that they could have been fertilized, 
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since these two specimens had been the only two in the aquarium over 
the seven-month period between their capture and egg-laying. Notwith- 
standing this, the eggs were carefully guarded as in the case reported. 
Mr. P. S. Barnhart, Curator of the Biological Collection, reports that a 
lone captive specimen laid and guarded her sterile eggs in the same way 
some years ago. 
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A NEW FORM OF PEROGNATHUS FORMOSUS 
FROM THE MOHAVE DESERT REGION 
OF CALIFORNIA 


BY 


LaurENcE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


The accession of a good series of topotypical specimens of Perog- 
nathus formosus formosus from Saint George, Washington County, 
Utah, and their subsequent comparison with pocket mice from the desert 
regions of east-central and southeastern California and the adjoining 
desert regions of northeastern Lower California reveals the presence of an 
unnamed form occupying the area in the northern section of San Ber- 
nardino County and the southern and eastern sections of Inyo County, 
California. This form may be known as 


Perognathus formosus mohavensis subsp. nov. 
Monave Desert LONG-TAILED Pocket Mouse 


Type.—From Bonanza King Mine, Providence Mountains, San Bernardino 
County, California; no. 11,317, collection of the San Diego Society of Natural 
History; adult male; collected by Laurence M. Huey, April 4, 1935. 


Measurements—Type: Total length, 181; tail, 100; hind foot, 24; ear, 8. 
Skull (type): Occipitonasal length, 25.8; mastoid breadth, 13.8; interorbital 
constriction, 7.0; nasals, 9.5; alveolar length of upper molar series, 3.7. 


Characters, Comparisons and Remarks.—In color Perognathus formosus 
mohayvensis is lighter than P. f. formosus and darker than either P. f. mesembrinus 
or P. f. cinerascens. The skull has a flatter brain case than that of formosus, with 
slightly less inflated bullz. It is slightly larger than that of mesembrinus, with 
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more inflated bullz. In other words it is intermediate in cranial characters and 
pelage color, between the dark topotypical formosus from Saint George, Utah, 
and the smaller and lighter colored forms of the Colorado Desert and north- 
eastern Lower California. These intermediate characters of the new form were 
to be expected, when the geographic location and topography of the region it 
inhabits are compared with those occupied by the previously named forms. 


Range.—Known from the Argus, Panamint and Providence Mountains in 
Inyo and San Bernardino Counties, and without doubt will be found generally 
over the Mohave Desert region where proper conditions for its existence are 


found. 


Specimens examined (all from the Collection of the San Diego Society of 
Natural History) : 


Perognathus formosus formosus: 29 from Saint George, Washington 


County, Utah (type locality). 


Perognathus formosus mohavensis: 6 from Bonanza King Mine, Provi- 
dence Mountains, San Bernardino County, California (type locality); 4 from 
2, miles north of Mesquite Spring, north end of Death Valley, Inyo County, 
California; 6 from below Scotty’s, Grapevine Canyon, Inyo County, California; 
3 from Skidoo, Panamint Mountains, Inyo County, California; 3 from Pleasant 
Canyon, Panamint Mountains, Inyo County, California; 9 from Onyx Mine, 
10 miles west of Ballarat, Inyo County, California; 5 from 5 miles west of Bal- 
larat, Inyo County, California; 6 from Ballarat, Inyo County, California; 5 from 
mouth of Goler Canyon, Inyo County, California; 2 from 4 miles north of 
Keeler, Inyo County, California; 4 from Junction Ranch, Argus Mountains, 
Inyo County, California; 5 from Mountain Spring, Argus Mountains, Inyo 
County, California; 5 from Orondo Mine, Argus Mountains, Inyo County, 
California; 13 from Homewood Canyon, Argus Mountains, Inyo County, Cali- 
fornia; 1 from foot of Slate Hills Grade, 14 miles north of Trona, Inyo County, 
California; 1 from 20 miles south of Trona, San Bernardino County, California. 


Total, 78. 


Perognathus formosus mesembrinus: 2 from “The Narrows,” San Diego 
County, California; 3 from San Felipe Narrows, San Diego County, California; 
5 from east side of San Felipe Narrows, San Diego County, California; 1 from 
San Felipe Canyon, San Diego County, California; 5 from 3 miles north of Bard, 
Imperial County, California (not typical); 2 from 1 mile north of Potholes, 
Imperial County, California (not typical). Total, 18. 


Perognathus formosus cinerascens: 8 from San Felipe, Lower California, 


Mexico (type locality). 
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BEES COLLECTED ON THE CALIFORNIA 
ISLANDS IN THE SPRING OF 1938 


BY 


T. D. A. COCKERELL 
University of Colorado 


The bees now recorded were obtained by Mr. Norman Bilderback 
in April, 1938, on the occasion of an expedition by representatives of 
the San Diego Society of Natural History on the Yacht “Novia del Mar,” 
shortly after the lamentable death of its owner, Mr. Robert P. Scripps. 
The collection is of considerable importance as giving us the first records 
of bees from Santa Barbara Island, including a genus (Bombomelecta) 


new to the island list and a new subspecies of Anthidium collectum. 


SANTA CATALINA ISLAND 


Bombus californicus Smith. April 16. 


The wasp Vespula pennsylvanica (Saussure) [=V. occidentalis Cresson | 
was also taken. I found it common at Avalon. 


San Micuet IsLanp 
Bombus californicus Smith. April 28. 
Emphoropsis miserabilis (Cresson). April 28-29. 14 females, 28 males. 
Tetralonia cordleyi (Viereck). April 29. One female 
Nomada edwardsii Cresson. April 29. One female. 


Agapostemon californicus psammobius Cockerell. April 28-29. Five 
females. 
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Princess IsLAND (or PRINCE ISLAND), off San Miguel 


Emphoropsis miserabilis (Cresson). One male. 


SANTA BARBARA ISLAND 


Agapostemon californicus Crawford. April 19. Six females. These have 
nearly the color of A. californicus psammobius, but in the absence of the 
male I hesitate to refer them to that race. Comparing series, they are bluer 
green than the San Miguel specimens (A. c. psammobius), but they are 
not like the rich purple San Clemente form (A. c. clementinus Ckll.). The 
male may perhaps show characters justifying the recognition of a Santa 
Barbara Island race. 


Anthidium collectum bilderbacki n. subsp. 
Female. Length about 10 mm., width of abdomen 3.5; agrees with A. collec- 


tum Huard (angelarum Titus) from Claremont, California, except as fol- 
lows: markings throughout pale yellow instead of orange; mesonotum with 
small marks anteriorly, and none over tegule; spots on axille minute; first 
and second tergites 4-spotted, the inner spots on first very minute; marks 
on tergites 4 and 5 deeply incised sublaterally above; yellow bands on tibiz 
narrower. The clypeus is light yellow with two black spots on upper part; 
the ventral scapa is pure white; the sixth tergite is subangulate at sides. In 
the table by Schwarz (Amer. Museum Novitates, 253) this runs only to 
A. porterae Ckll., which it does not resemble. If this had been found on the 
mainland, I should have considered it only a varition of A. collectum, but 
it is probably an insular race. Holotype female, Santa Barbara Island, Cali- 
fornia, April 19, 1938; Norman Bilderback, collector; in the collection of 
the San Diego Society of Natural History. 


Bombomelecta maculata (Viereck). April 19. One female, considerably 
more robust than one from Yakima, Washington. Genus new to the islands. 
Mr. Gorton Linsley (in litt.) has come to the opinion that this genus cannot 
be separated from Melecta. He also states that B. callura Cockerell, 1926, 
is the male of B. maculata. As there is an earlier Melecta maculata Cresson, 
1879, the species, if referred to Melecta, becomes M. callura. 
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THE HOLOTYPE OF 
BARBATIA (ACAR) GRADATA 
(BRODERIP & SOWERBY') 


BY 


Puitrie W. REINHART 
Los Angeles, California 


In 1829 Broderip and Sowerby’ described a Recent arcid pelecypod 
species, Arca gradata, from Mazatlan, western Mexico, but did not pro- 
vide any illustration of their specimen. This omission has been the 
source of some uncertainty, in recent years, as to exactly what the name 
referred to. The purpose of this note is to remove that uncertainty, and 
to discuss briefly some other related species belonging to the same sub- 
genus. 


Although the holotype of “Arca” gradata has never before been 
illustrated, good drawings of specimens called gradata have been pub- 
lished by two early conchologists, one of whom was Sowerby himself, 
who presumably had access to the holotype: in 1839, Sowerby’ illustrated 
a specimen from Mazatlan which he called gradata; and in 1844, Reeve’* 
illustrated a specimen from Ecuador. On the basis of these illustrations, 
and of the original description, the species was identified by later workers, 
and was subsequently made the genotype of Acar, a group erected by 
Gray in 1857 as a subdivision of Barbatia. 


1 Presented before the Paleontological Society of America, Pacific Coast Section, 
Stanford ce meeting, April 2, 1938. 

2 Broderip, W. J., and Sowerby, G. B. “On some mollusca in the collection of the 
Zoological Society:” Zool. Jour., London, vol. 4, pp. 365-366, 1829. 

3 Sowerby, G. B. in “Zoology of Captain Beechey’s Voyage,” pe lo2.) pl. 43, figs-t, 
1839. 

4 Reeve, L. A., Conch. Icon., Arca, pl. 14, fig. 92, 1844. 
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It had been recognized for some time that the species called gradata 
varied considerably in sculpture, some specimens being finely sculptured, 
others coarsely sculptured, but this difference seems not to have been 
regarded as of specific importance. The specimens figured by Reeve in 
1844 and by Sowerby in 1839 appear to be coarsely sculptured, but 
neither of these illustrations is of the holotype. 


In 1931 Bartsch’ separated as two distinct species the coarsely and 
the finely sculptured specimens of what had previously been grouped 
together as gradata.° He concluded that the finely-sculptured specimens 
represent true gradata; to the coarsely sculptured ones he gave a new 
specific name, Acar panamensis. 


Because both Reeve and Sowerby had illustrated coarsely sculptured 
specimens as gradata, however, this arrangement did not appear satis- 
factory, although, as the holotype of gradata had not been illustrated, 
there was no way of deciding the question. 


Through the courtesy of Dr. L. R. Cox, of the British Museum of 
Natural History, excellent photographs of the holotype of Arca gradata 
have been provided (Pl. 3, figs. 1 a, b). Dr. Cox states (letter dated 
December 23, 1937) that this specimen was transferred from the collec- 
tion of the Zoological Society to the British Museum of Natural History 
many years ago, and has always been recorded as the type of gradata. 
The length of the specimen, as measured by Dr. Cox, is 21.4 mm.’ It 
is No. 58.5.12-100 in the Zoological Department of the Museum. 


As the photographs of the holotype (PI. 3, figs. 1 a, b) clearly show, 
this is a specimen of the coarsely ribbed form named panamensis (PL. 3, 
figs. 6 a-e) by Dr. Bartsch. The name panamensis must, therefore, be 
suppressed as a synonym of gradata. This suppression leaves the finely 
ribbed form (PI. 3, figs. 5 a, b) without a separate name. However, 
inasmuch as the distribution of the fine and coarse varieties nearly coin- 


5 Bartsch, Paul, “The West American Mollusks of the genus Acar:” U. S. Nat. Mus., 
Proc., no. 2909, vol. 80, art. 9, pp. 1-4, 1931. 

6 For example, see Maury, Carlotta J., “The Recent Arcas of the Panamic Province:” 
Palaeont. Amer., vol. 1, no. 4, pl. 2, fig. 4 (finely sculptured specimen), figs. 6, 9 (coarsely 
sculptured specimens), 1922. 

7 Broderip and Sowerby (op. cit., 1829) gave the following dimensions of Arca gradata 
in their Latin description: “long. 1, lat. 4/10, alt. 9/20 poll.” If the term “poll.” is to be 
taken as one inch, as it no doubt is, the measurement by Broderip and Sowerby is about 4 
mm. greater than that noted by Dr. Cox. It is difficult to decide, however, with how great 
a precision Broderip and Sowerby’s measurements were made, and this discrepancy is 
probably not of much significance. 
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cides, so far as I can determine from an examination of many specimens,” 
and inasmuch as the sculpture is a notably gradational feature of this 
species, so that it is in many cases difficult or even impossible to decide 
whether a given specimen belongs to the fine or to the coarse variety, I 
think it unnecessary to give it a distinct name. It seems, instead, more in 
accordance with the facts to consider that both the finely and the coarsely 
sculptured specimens belong to the same species, gradata, which varies 
within the limits that they represent. Dr. Grant expressed the same 
opinion in 1932.? Specimens of the finely and coarsely sculptured 
varieties are here illustrated on Plate 3 for comparison with the holotype 
of gradata. 


NoTEs ON RELATED SPECIES OF ACAR 


“Arca (Byssoarca)” pholadiformis C. B. Adams,'° from Panama 
Bay, appears to be a synonym of gradata. The unfigured holotype of 
pholadiformis, deposited in the Philadelphia Academy of Natural 
Sciences, was examined by the late Mr. H. N. Lowe, who stated (oral 
communication) that it represents the coarsely ribbed variety of Barbatia 
gradata. In addition to being a synonym, Arca pholadiformis is also a 


homonym and may therefore be disregarded. 


The status of “Byssoarca” pusilla Sowerby,'' a Recent species of 
Acar from Iquique, Chile, has long been in doubt, as this species has 
never been illustrated. It has been suggested, for example,'* that it might 
be the species later named Acar panamensis. To remove the uncertainty 
as to the identity of pusilla, I herewith give illustrations (PI. 3, figs. 2 a, b) 
of the holotype, likewise furnished by Dr. Cox. This specimen, which is 
deposited in the British Museum of Natural History, consists of both 
valves of a single individual. Comparison of the photographs of pusilla 
with those of the holotype of gradata (PI. 3, figs. 1 a, b) shows that, 


although the two species seem to be related, they are different in sculp- 


8 For example, the coarsely sculptured variety occurs at least as far north as Cape 
San Lucas, Lower California (California Academy of Sciences specimens, locality 21477), 
which is about at the latitude of Mazatlan, from which the finely sculptured variety has 
been recorded by Bartsch (1931). Specimens from Mazatlan in the Calif. Acad. Sci. col- 
lection, locality 27233, include both the fine and coarse varieties. Maury (op. cit., 1922) 
illustrates both varieties from Panama. Calif. Acad. Sci. specimens from the Galapagos 
Islands include both varieties, although the coarsely ribbed one is the more common. 

9 Grant, U. S., “Notes on Acar:” Nautilus, vol. 45, no. 4, p. 128, 1932. 

10 Adams, C. B., “Catalogue of Panama shells:” Ann, Lyc. Nat. Hist., New York, 
vol. 5, p. 484, 1852. (Not Arca pholadiformis d’Orbigny, 1844). 

11 Sowerby, G. B., Proc. Zool. Soc. London, pp. 18-19, 1833. 

12 Grant, U. S., op. cit. 
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ture, as some of the central radial ribs of pusilla are much finer than the 
anterior and posterior ribs. In order to determine the significance of 
this difference, a study of a number of specimens of pusilla, which are not 
available to me, would be necessary. The evidence at hand, however, 
indicates that pusilla and gradata are distinct. 


The holotype of “Byssoarca” pernoides Carpenter,’* described from 
San Diego, California, has never been illustrated, and for that reason 
pernoides has remained unknown until recently. In 1932, Strong’* 
showed that this species is the same as Acar bailyi Bartsch,'” the type 
locality of which is Balboa, California, a short distance northwest of 
San Diego. He reached this conclusion both from Carpenter’s descrip- 
tion of pernoides, which corresponds to Acar bailyi, and from the fact 
that only one Recent species of Acar is known from the San Diego 
region. It is therefore reasonable to conclude, as Strong does, that bailyi 
is a synonym of pernoides. The illustrations given here (PI. 3, figs. 3 a-d) 
of a topotype of pernoides show a strong resemblance to gradata, the 
chief distinction being in size. Barbatia pernoides is always small, seldom 
reaching a length of more than 9 mm., whereas gradata is commonly 25 
to 30 mm. in length. To this difference in size may be added a difference 
in distribution. Barbatia gradata is common in the Gulf of California 
and south, but is not known to range north of Point Abreojos along the 
Pacific coast of Lower California, from where it was reported by Bartsch. 
Barbatia pernoides, in contrast, is known to range as far north as 
Topanga Beach, near Santa Monica, California (H. N. Lowe collection 
of the San Diego Society of Natural History). Thus, although gradata 
and pernoides appear closely related, pernoides differs in being consist- 
ently smaller and in having a different distribution than gradata. For 
these reasons, pernoides should be considered distinct from gradata, as 
Strong concluded. 


The West Indian species commonly called “Arca” reticulata 
Gmelin’® (PI. 3, figs. 4 a-d) is so closely related to gradata that the two 
have been considered conspecific by some workers.'’ Because of the 


13 Carpenter, P. P., Proc. Zool. Soc. London for 1856, pp. 202-203, 1857. 

14 Strong, A. M., “An overlooked Arca from Southern California:” Nautills, vol. 
46, no. 1, pp. 27-29, 1932. 

15 Bartsch, Paul, op. cit., p. 2, Pl. 1, five central figures. 

16 Gmelin, Syst. Nat., Ed. 13, vol. 1, p. 3311, 1790: Chemnitz, Conch. Cab., vol. 7, 
p. 193, pl. 54, fig. 540, 1784. 

17 For example, Dall, W. H., Trans. Wagner Free Inst. Sci., vol. 3, pt. 4, p. 629, 
1898. Sheldon, Pearl G., Palaeont. Amer., vol. 1, no. 1, p. 20, 1917. Grant, U. S. and 
Gale, H. R., Mem. San Diego Soc. Nat. Hist., vol. 1, p. 143, 1931. 
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obvious resemblance between them, and because of their variability in 
shape and sculpture, this conclusion has much in its favor. However, 
a seemingly consistent difference in the hinge indicates, instead, that two 
species are represented, not one. The hinge of specimens of reticulata 
(Pl. 3, figs. 4b, d) widens abruptly immediately anterior to the center of 
the hinge, whereas this widening is very gradual on gradata (PI. 3, figs. 
6a,d). This difference, although slight, is probably of specific or at least 
subspecific importance, as it can be observed on a considerable number 
of specimens in the Oldroyd collection at Stanford University, as well 
as on the specimens here shown. 


SUMMARY 


Of the Recent species of arcid pelecypods of the subgenus Acar 
which have been described from the eastern Pacific Ocean, three appear 
to be distinct: Barbatia (Acar) gradata (Broderip and Sowerby) and 
B. (A.) pernoides (Carpenter) from Central and southern North 
America; and B. (A.) pusilla (Sowerby) from Chile. “Arca” pholadi- 
formis C. B. Adams and Acar panamensis Bartsch are synonyms of 
gradata, and Acar bailyi Bartsch is a synonym of pernoides. The West 
Indian species, Barbatia (Acar) reticulata (Gmelin) is distinct from 
gradata, although closely related it it. 
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Barbatia (Acar) gradata (Broderip and Sowerby). Holotype, British 
Museum of Natural History. Recent, Mazatlan, Mexico; a, left 
valve; 6, right valve. Length 21.4mm. (X 1). 


Barbatia (Acar) pusilla (Sowerby). Holotype, British Museum of 
Natural History. Recent, Iquique, Chile; a, interior of right valve; 
b, exterior of left valve. (X 1.75). 


Barbatia (Acar) pernoides (Carpenter). Topotype no. 26950, San 
Diego Society Nat. Hist. (H. N. Lowe Coll., no. 11080-C). 
Recent, San Diego, California; a, 6, right valve; c, d, left valve. 
Length 8.1 mm. (X 2.7). 


Barbatia (Acar) reticulata (Gmelin). Plesiotype no. 29920, San Diego 
Society Nat. Hist. (H. N. Lowe Coll., no. 5974). Recent, Key 
West, Florida; a, b, right valve; c, d, left valve. Length 25.8 mm. 
ea 


Barbatia (Acar) gradata (Broderip and Sowerby). Topotype no. 
26914, San Diego Soc. Nat. Hist. (H. N. Lowe Coll., no. 3481-G). 
Recent, Mazatlan, Mexico; a, right valve; 6, left valve. Length 28.7 
mm. (X 1.3). 


Barbatia (Acar) gradata (Broderip and Sowerby). Plesiotype no. 
26909, San Diego Soc. Nat. Hist. (H. N. Lowe Coll., no 11081-D). 
Recent, Taboga Island, Panama; a, 6, right valve; c, dorsal view of 
attached valves; d, e, left valve. Length 29.0 mm. (X 1.2). (Topo- 
type of Acar panamensis Bartsch). 
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THE SILKY POCKET MICE OF SOUTHERN 
CALIFORNIA AND NORTHERN LOWER 
CALIFORNIA, MEXICO, WITH THE 
DESCRIPTION OF A NEW RACE 


BY 


LaureNcE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


For a number of years the writer has been cognizant of a difference 
between the pocket mice (Perognathus longimembris) of the Mohave 
Desert-Inyo County region, and those to the south in the higher desert 
valleys of the Coast Range of San Diego County.’ As opportunity has 
offered, therefore, collections of these tiny mice have been made at 
various localities in southern California and northern Lower California, 
Mexico, in order to determine, if possible, the status and ranges of the 
existing forms. As a result, considerable material has been assembled, 
which has served to clear up some of the past questions, but has at the 
same time presented new problems. The purpose of the present paper 
is to state the facts that have been determined and to review the problems. 


In the first place, there is shown to be an unnamed form living in 
the high, semi-arid Jacumba Valley of eastern San Diego County and 
northern Lower California, Mexico. This form may be known as: 


Perognathus longimembris internationalis subsp. nov. 
JACUMBA VALLEY SILKY Pocket MouseE 


Type—From the Lower California side of the International Boundary at 
Jacumba, San Diego County, California; no. 11972, collection of the San Diego 


1 See footnote, Trans. San Diego Soc. Nat. Hist., Vol. V, No. 8, p. 88, Jan. 18, 1928. 
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Society of Natural History; adult male; collected by Laurence M. Huey, April 
24, 1936. 


Characters. —Individually, specimens of P. |. internationalis resemble, in 
general color, specimens of P. |. brevinasus and P. |. longimembris, whose ranges 
are to the eh ore) and P. |. aestivus from the western slopes of the Sierra 
Juarez to the southward. Taken in series, however, internationalis is of a brighter 
tone, that is, the buffy coloration of the under pelage is a clearer, warmer color 
tone. Cranially a greater difference exists. The skull of internationalis has 
longer, broader nasals, and is broader posteriorly, especially across the tympanic 
bullae, than that of either brevinasus or longimembris. In comparison with 
aestivus, internationalis lacks the extremely broadened tympanic bullae, in fact 
it is intermediate in this respect between the rather narrow-skulled hrevigucis and 
longimembris and the extremely broadened aestivus. It differs from aestivus 
more notably in having much less inflated auditory bullae and a more rounded 
brain case. 


Measurements—T ype: Total length, 141; tail, 78; hind foot, 19; ear, 5. 
Skull (type): Greatest length, 21.9; width across bullae, 12.6; interorbital con- 
striction, 5.2; nasals, 7.5; tooth row, 3.1. 


Range.—In typical form, internationalis is known only from both sides of 
the International Boundary in Jacumba Valley. Specimens from La Puerta and 
San Felipe Valleys and Warner’s Pass, while referred to this race, are not typical. 


Remarks.—As was mentioned in the introductory paragraph, there has been 
accumulated in the collection of the San Diego Society of Natural History a 
representative series of all the forms of Perognathus longimembris in southern 
California (south of the Sierra Madre range) and northern Lower California, 
Mexico. These, and the collecting localities, are as follows: 


P. I. pacificus Tia Juana Valley, and Oceanside, 
Calif. 

” " cantwelli (= pacificus) El Segundo, Calif. 

” ' brevinasus San Bernardino, Calif. 

’” '” internationalis — Jacumba Valley, Lower Calif. 

" '" aestivus Sangre de Cristo and Valle de la 
Trinidad, Lower Calif. 

”  venustus San Agustin, Lower Calif. 

” " bangsi Palm Springs, Calif., and adjacent 
desert. 

” " bombycinus Yuma, Ariz.; Pilot Knob, Calif.; San 


Felipe, Lower Calif. 


This assemblage of material illustrates the usual coast-to-desert features 
shown so plainly in almost all species which have such geographical distribution. 
That is, those from the immediate coastal area are darkest in color, while those 
of the desert region are lightest—bearing out the oft-discussed protective colora- 
tion theory. 
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However, structurally, there is found to be an entirely different trend of 
development. Using skulls as indicators, it is found that the forms living nearest 
the ocean, such as pacificus near the shores of the Pacific and bombycinus and 
kinoensis* near the shores of the Gulf of California, have the smallest skulls. 
In fact, the mice themselves are the smallest members of the species. Those 
occupying the mountain areas are larger and show a generally increasing size 
from north to south (see chart, p. 54). The maximum size of cranium is found 
in the specimens of aestivus, which occupies the western slopes of the Sierra 
Juarez and the eastern end of El Valle de la Trinidad in Lower California, 
Mexico. A slight diminution is noted in the southernmost race, venusta, occupy- 
ing the area south of the Sierra San Pedro Martir, Mexico. Similarly, in the 
case of altitude, it is found that the greater the elevation, the greater the 
development of the bullae. 


These facts may be only coincidental, and further study of material from 
other sections within the range of Perognathus longimembris may upset the 
findings of this study. This is a problem for the ultimate revision of the group 
and such work is, owing to the considerable amount of material yet to be 
gathered, still in the distant future. 


While analyzing the characters of the several races herein under discussion, 
the writer was surprised to find a remarkable similarity of the cranial and external 
characters of the specimens of P. I. aestivus, from the eastern or desert end of 
El Valle de la Trinidad, Lower California, Mexico, to those of specimens of 
Perognathus amplus pergracilis, inhabiting western Arizona north of the Bill 
Williams River and south of the Grand Canyon. This fact is mentioned because 
of a possible parallel development of characters in the two species. Geogra- 
phically they are far apart and the material from intermediate localities is very 


dissimilar. 


The specimens used in the accompanying tables were selected carefully for 
age. Only fully adult specimens were measured, in order to provide the best 
basis for comparison. According to the figures secured, it was found that speci- 
mens of the race cantwelli named by von Bloeker (Proc. Biol. Soc. Wash., Vol. 
45, pp. 127-130, Sept. 9, 1932) do not support the characters ascribed to it in 
the original description. In fact, as will be seen from the table, the only character 
substantiated by the study of the specimens at hand is a slightly larger hind foot. 
Even this is mainly a matter of averages and of individual collectors’ methods 
of measuring, so that, in the study of a longer adult series, this single differentia- 
tion would, in all probability, be dissipated. In view of these facts, it becomes 
necessary to designate the pocket mice occupying the coastal district of southern 
California from Santa Monica south to the Mexican boundary as belonging to 
the race P. 1. pacificus. 


A similar case was found on the western side of the Colorado desert, where 
the supposed race P. 1. arenicola and the race P. 1. bangsi were involved.? 


2 Trans. San Diego Soc. Nat. Hist., Vol. VIII, No. 12, pp. 73-74, Aug. 24, 1935. 
3 See footnote, Trans. San Diego Soc. Nat. Hist., Vol. V, No. 8, p. 88, Jan. 18, 1928. 
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After careful study, the writer does not believe that the range of Perognathus 
longimembris longimembris extends southward beyond the mountain barrier of 
the San Bernardino and Sierra Madre ranges. Grinnell (Univ. Calif. Publ. 
Zool., Vol. 40, No. 2, p. 147, 1933) assigns a tongue-like southeastward 
extension of range “through San Gorgonio Pass region, in Riverside County, 
along western rim of Colorado Desert as far as La Puerta Valley, in eastern San 
Diego County.” After analyzing the characters of a very large series of adult 
specimens from the saddle of San Gorgonio Pass, and also from La Puerta 
Valley, the present writer is convinced that the intergradation of brevinasus on 
the west of this “tongue” with bangsi on the east, and of bangsi with interna- 
tionalis at the south, has produced individuals which exhibit characters sugges- 
tive of longimembris of the southern San Joaquin Valley and Mohave Desert 
areas, whereas in reality there is no direct relationship. 


While topotypical material of Jongimembris from the southern San Joaquin 
Valley was not available, the writer had at his command a good series from a 
widespread range of localities over the Mohave Desert and Owens Valley area 
and arrived at the above conclusion after some months of deliberation. 


Specimens examined.—A total of 331 specimens, almost all of which are 
in the collection of the San Diego Society of Natural History and the greater 
part collected and measured by the writer, was used in this essay. Specimens 
from the areas lying north of the Sierra Madre-San Bernardino Mountain 
barrier, central Arizona and Sonora, while referred to casually, are not included 
in this total. Perognathus longimembris pacificus: 1 from San Onofre, San 
Diego County, Calif.; 6 from 4 miles north of Oceanside, San Diego County, 
Calif.; 59 from Tia Juana Valley, San Diego County, Calif. (type locality). 
Perognathus longimembris cantwelli (= P. I. pacificus): 8 from El Segundo, 
Los Angeles County, Calif. Perognathus longimembris brevinasus: 35 from San 
Bernardino, San Bernardino County, Calif. (type locality); 3 from Aguanga, 
Riverside County, Calif.; 7 from 214 miles north of Oak Grove, San Diego 
County, Calif.; 69 from Cabazon, Riverside County, Calif. (not typical). Pero- 
gnathus longimembris internationalis: 42 from Lower California side of Inter- 
national Boundary at Jacumba, San Diego County, Calif. (type locality) ; 38 
from La Puerta Valley, San Diego County, Calif.; 2 from San Felipe Valley, 
San Diego County, Calif.; 5 from Warner’s Pass, San Diego County, Calif. 
Perognathus longimembris aestivus: 14 from Sangre de Cristo, Lower California, 
Mexico (type locality); 14 from El Valle de la Trinidad, Lower California, 
Mexico. Perognathus longimembris venustus: 3 from San Agustin, Lower Cali- 
fornia, Mexico (type locality). Perognathus longimembris bangsi: 2 from 
Whitewater Ranch, Riverside County, Calif.; 3 from Palm Springs, Riverside 
County, Calif. (type locality); 4 from Borego Springs, San Diego County, 
Calif.; 9 from east side of San Felipe Narrows, San Diego County, Calif. 
Perognathus longimembris bombycinus: 2 from 6 miles east of Yuma, Yuma 
County, Arizona (type locality); 2 from 3 miles west of Pilot Knob, Imperial 
County, Calif.; 3 from San Felipe, Lower California, Mexico. 


Measurement Tables—See pages 52-54. 
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A NEW SILKY POCKET MOUSE 
FROM SOUTHWESTERN UTAH 
BY 


LauRENCE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


In connection with the recent study of silky pocket mice from 
southern California and Lower California, Mexico (Trans. San Diego 
Soc. Nat. Hist., Vol. IX, No. 11, 1939), other members of this species 
in the collection of the San Diego Society of Natural History have been 
given some attention. Miller! outlines the range of Perognathus longi- 
membris panamintinus as extending from the “Panamint Mountains, 
California, eastward through southern Nevada to St. George, Utah.” 
There happens to be a good series of specimens in our collection from 
each end of this given range, which, upon examination, reveals that those 
of the Utah region are quite different from those taken near the type 
locality in east-central California. It therefore seems desirable to propose 
a new name for the silky pocket mice inhabiting the Virgin River Valley 
of southwestern Utah. 


Perognathus longimembris virginis subsp. nov. 
VirGIN River VALLEY SILKY Pocket Mouse 
Type—From Saint George, Washington County, Utah, altitude 2950 


feet; no. 12919, collection of the San Diego Society of Natural History; adult 
male; collected by Laurence M. Huey, August 12, 1937. 


Characters —Compared with P. I. panamintinus from the east-central sec- 
tion of California, virginis is darker in color dorsally, with richer buffy colored 
sides. In fact the dorsal color of virginis suggests that of some of the mammals 


1U. S. Nat. Mus. Bulletin 128, p. 276, 1924. 
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found inhabiting lava beds. Cranially, virginis is easily separated from pana- 
mintinus. The skull is larger in all dimensions, having a more expanded brain 
case, larger and more inflated auditory and mastoid bullae, and more widely 
spreading zygomatic arches. 


Measurements.—T ype: Total length, 147; tail, 80; hind foot, 19; ear, 5. 
Skull (type): Greatest length, 22.7; width across bullae, 13.0; interorbital 


constriction, 5.1; nasals, 8.0; tooth row, 3.0. 


Range.—Known only from the Virgin River Valley in the vicinity of Saint 
George, Utah. 


Remarks.—The present description marks the fourth mammal to be sub- 
specifically determined within the past few years from the section of the Virgin 
River Valley between Zion National Park and Saint George. These, together 
with three forms named earlier, would seem to indicate the desirability of de- 
signating this section as a differentiation center. Species found inhabiting the 
floor of this valley occur to the westward over great areas that are entirely 
different in soil and climate. The fact that they are here subjected to a far more 
rigorous climate—extreme heat in summer and near zero temperatures in winter 
—together with partial isolation caused by mountains to the north, east and 
south, would tend to cause divergent racial development. 


Specimens examined.—Perognathus longimembris virginis: 15 from Saint 
George, Washington County, Utah (type locality). Perognathus longimembris 
panamintinus: 8 from 1 mile west of Mountain Pass, Ivanpah Mountains, San 
Bernardino County, California; 33 from Junction Ranch, Argus Mountains, Inyo 
County, California; 2 from Homewood Canyon, Argus Mountains, Inyo 
County, California; 4 from mouth of Goler Canyon, Panamint Mountains, Inyo 
County, California; 6 from Nemo Canyon, Panamint Mountains, Inyo County, 
California; 7 from Harrisburg Flat, Panamint Mountains, Inyo County, Cali- 
fornia (near type locality). 
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A NEW PEROGNATHUS ARENARIUS 
FROM NEAR THE U. S.-MEXICAN BOUNDARY 
IN LOWER CALIFORNIA 
BY 


LaurENCE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


During November, 1936, it was the good fortune of the writer, 
with other members of the staff of the San Diego Natural History 
Museum, to make a trip into the desert foothill section of the eastern 
side of the Sierra Juarez, Lower California, Mexico. 


The primary purpose of the expedition was to secure topotypical 
specimens of a Blue Fan Palm for the noted botanist, Dr. L. H. Bailey. 
A collection of birds and mammals was made as opportunity offered. 
Study of this collection reveals the unexpected presence of a new form 
of pocket mouse of the species Perognathus arenarius. 


This form may be known as: 


Perognathus arenarius mexicalis subsp. nov. 
Lacuna Satapa Pocket Mouse 


Type.—From Los Muertos Canyon fan, in palo verde ironwood association, 
at Gaskill’s Tank, near Laguna Salada, Lower California, Mexico, lat. 32° 27’ 
north, long. 115° 53’ west; no. 12,127, collection of the San Diego Society of 
Natural History; adult female; collected by Laurence M. Huey, November 
23, 1936. 


Characters —As compared with Perognathus arenarius albescens,! its near- 
est relative both structurally and geographically, P. a. mexicalis is darker dorsally, 


1 Proc. Biol. Soc. Wash., Vol. 39, pp. 67-70, July 30, 1926. 
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resembling P. a. ambiguus? from the central part of the peninsula. The buffy 
lateral line found in albescens is absent or very faint in mexicalis. Cranially, this 
new race differs from albescens by having a basally broader and slightly heavier 
rostrum and slightly more inflated bullae. 


Measurements.—T ype: Total length, 176; tail, 102; hind foot, 23; ear, 5. 
Skull (type): Greatest length, 23.7; width of bullae, 12.0; interorbital con- 
striction, 6.1; nasals, 8.5; tooth row, 3.2. 


Range.—So far as known, from two localities not far apart on the western 


side of Laguna Salada, Lower California, Mexico. 


Remarks.—The fact that part of the series was collected and the type locality 
is located within 18 miles airline of the international boundary and that ground 
of almost identical character is to be found for a few miles north of the boundary 
would suggest the possibility of this form’s being found within the confines of 
the state of California. 


Specimens examined.—Perognathus arenarius albescens: 43 from San 
Felipe, Lower California, Mexico (type locality). Perognathus arenarius am- 
biguus: 20 from 25 miles north of Punta Prieta, Lower California, Mexico. 
Perognathus arenarius mexicalis: 12 from Los Muertos Canyon fan, Gaskill’s 
Tank, near Laguna Salada, Lower California, Mexico (type locality) ; 5 from 
De Mara’s Well, Laguna Salada, Lower California, Mexico. A total of 80 


specimens. 


2 Proc. Biol. Soc. Wash., Vol. 42, p. 108, Mar. 25, 1929. 
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THREE NEW WORM SNAKES OF THE 
GENUS LEPTOTYPHLOPS 
BY 


LAURENCE M. KLAUBER 
Curator of Reptiles and Amphibians, San Diego Society of Natural History 


Recently, in the course of a survey of the worm snakes of the dulcis- 
humilis group in the United States and northern Mexico, I examined 
a number of Central and South American specimens of L. albifrons and 
related species. This was by no means an exhaustive study, yet it was 
immediately evident that L. albifrons, as usually defined, is a complex 
of a number of species and subspecies. Subsequently learning that my 
good friend Dr. E. H. Taylor of the University of Kansas was engaged 
in a similar survey, it seemed desirable that I limit my studies to the 
dulcis-humilis group to avoid duplication. However, in the exchange of 
correspondence between Dr. Taylor and myself, it appeared that I had 
come upon three new species of which specimens had not yet been avail- 
able to him, and Dr. Taylor has courteously suggested that I proceed 
to describe them. 


The first is a new form from British Guiana and Trinidad, to which 
I have given the name 


Leptotyphlops tenella sp. nov. 
Figures la and 1b. 


Type—No. 14269 in the collection of the American Museum of Natural 
History. Collected at Kartabo, British Guiana, in 1919, by Dr. William Beebe. 


Diagnosis —A worm snake of the albifrons-group, but different from the 
typical form in having a contact between the supraoculars and the anterior 


i 
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supralabials, whereas in the other forms this contact is prevented by the junction 
of the nasal and ocular. 


Description of the Type—Length over-all 177 mm.; length of tail 11 mm.; 
ratio of total length to tail length 16.1. Diameter of body 3.5 mm.; ratio of 
body length to diameter 50. 


The body is substantially cylindrical; the head is slightly widened and 
flattened. The tail is little reduced in diameter anterior to the terminal cone, 
which ends in a sharp spine. 


The snout is curved, not sharp, and overhangs the lower jaw. The rostral is 
curved from the underside of the upper jaw over the snout, reaching back only 
to the anterior edge of the eye. The rostral tapers slightly in width; at the 
level of the eye it has the same width as the nasal. The posterior tip of the 
rostral is rounded. The supralabial series on each side comprises a nasal, a single 
anterior supralabial, an ocular, and a posterior supralabial. The nasals are 
divided, by a suture through the nostril, into two parts substantially equal in 
size. The suture rises toward the rostral. The anterior supralabial is much 
higher than wide and almost reaches the level of the center of the eye, at which 
point it contacts the outer tip of the supraocular; its contact with the lip is 
narrower than that of either the nasal or the ocular. The ocular is widest at the 
eye level; the eye is placed anterior to the center. The posterior supralabial is 
higher than wide; it is triangular, with its greatest width along the edge of the 
lip. The supraoculars are attenuated, as is usual in the albifrons-group as 
opposed to dulcis. They extend forward and outward from contact with the 
frontal to pointed contacts with the anterior supralabials. Of the mid-dorsal series 
the fourth scale is definitely the largest. The parietals are considerably larger 
than the occipitals (posterior parietals) and contact the posterior supralabials; 
they are relatively larger than in typical albifrons. The mental is small. There 
ate 4 infralabials on each side, the last being the largest. The chin shields are 
small, gradually increasing in size toward the neck. 


The body is covered with 14 rows of smooth and imbricate scales, all rows 
being of equal size. A lateral row on each side is dropped 2 scales before the 
anus. The anal plate is entire. There are 10 scale rows around the tail. The 
median dorsal series numbers 219; there are 16 subcaudals. 


The head is dark except for an albifrons-type white spot covering the upper 
half of the rostral. The lower halves of the posterior supralabials are light. Also 
there are, faintly evident on the front of the snout and sides of the head, a 
number of light indentations or pores. The chin shields are tan, spotted with 
brown. 


Dorsally the body is dark brown, but as the lateral edges of the scales are 
lighter, a pattern appears as a series of serrated longitudinal light lines. The 
ventrum is lighter brown than the back and is lighter anteriorly than posteriorly. 
The tail cone is white, as is usual in the snakes of the albifrons-group. Above 
only the scales next to the tail spine are light; below the white extends to the 
third subcaudal scale. These color notes apply to an alcoholic specimen. 
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V ariations.—In addition to the type specimen one more specimen (AMNH 
14270) is available from the type locality, and six from the Island of Trinidad 
(Carnegie Museum 4888-92, Mount Saint Benedict; and 4893, El Dorado, 
Saint George County). The data on these are as follows: 


Sub Length Tail Body 


Number Dorsals caudals over-all length diameter L ie Ls oiler 
AMNH 14270 228 18 137 10 33-3) 13357 42 
Car. Mus. 4888 229 17 108 7 2S 15.4 47 


Car. Mus. 4889 222 V7. 175 11 4.1 15:9 43 
Car. Mus. 4890 224 17 Dt 11 3.2 14.0 48 
Car. Mus. 4891 224 18 155 1O%a 4 35 14.8 44 
Car. Mus. 4892 223 15 89 5) 2.3 17.8 39 
Car. Mus. 4893 218 16 142 10 3.2 14:2 44 


The rostral white spot on the Trinidad specimens is relatively larger than 
on those from the mainland, as it extends well beyond the borders of the 
rostral. Also, the white tail cone engages more caudal scales. 


Remarks.—Among the specimens of the albifrons-group which I have had 
available from South and Central America these from British Guiana and 
Trinidad have been the only ones having the anterior supralabials in contact with 
the supraoculars, for this is not normal in albifrons or related forms. The avail- 
able specimens indicate that in this area the character is quite consistent, although 
in one specimen (Carnegie Museum 4890) these scales fail to make contact 
on the right side of the head. It is apparent that additional specimens may 
show intergradation with albifrons, but full specific recognition appears justified 
until such a relationship is demonstrated. 


Amongst the South American worm snakes that I have examined 
is a single exceedingly attenuated specimen from Peru which I describe 
as 


Leptotyphlops subcrotilla sp. nov. 
Figures 2a and 2b. 


Holotype—No. 14554 in the collection of the California Academy of 
Sciences. Collected at Grau Tombes, Northern Peru, by G. Baer in 1902. 


Diagnosis —A worm snake of the albifrons-group of the genus Leptotyph- 
lops characterized by extreme attenuation and a dorsal scale count considerably 
exceeding that of any other species of the genus now known from South 
America. 


Description of the Type-—Length over-all 188 mm.; length of tail 17 mm.; 
ratio of total length to tail length 11.1. Diameter of body 2.3 mm.; ratio of 
length to diameter 82. 


The body is cylindrical. The snout is blunt and curved, and overhangs the 


inset lower jaw. The rostral is curved over the head and reaches back to a 
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point above the anterior edge of the eye; it is as wide as the nasal at the level 
of the eye. The posterior end of the rostral is rounded; it contacts the prefrontal 
and separates the nasals. The supralabial series on each side comprises a nasal, 
a single anterior supralabial, an ocular, and a posterior supralabial. Each 
nasal is divided horizontally, the lower section being the smaller. The anterior 
supralabial is higher than wide and does not quite reach the center of the eye. 
The ocular is large and hexagonal, the lower edge occupying more lip space 
than any other scale. The eye is placed forward of the center. The posterior 
supralabial is about as high as wide; it is subtriangular, with the base at the 
commissure. The infralabials number 4 on one side and 3 on the other. The 
scales of the mid-dorsal series on the head are the same in size as the succeeding 
dorsals. The supraoculars are about twice as long as wide and are directed 
outward from the frontal at an angle of about 75 degrees with the mid-dorsal 
line. The outer ends contact the tops of the oculars. The parietals are larger 
than the occipitals and contact the posterior supralabials; the occipitals are pre- 
vented from this contact by a temporal on each side. 


The body is covered with 14 rows of smooth and imbricate scales of equal 
size, no dorsal or ventral enlargement being evident. One lateral scale row on 
each side is dropped about 8 scales anterior to the anus, and another pair at the 
beginning of the tail, so that there are 10 scale rows at the center of the tail. 
The anal plate is entire. There are 331 median dorsals from prefrontal to tail 
spine, and 17 subcaudals. 


The head is dark brown except for an albifrons-type white spot covering the 
upper half of the rostral. The posterior upper lip and chin shields are light. The 
body is dark brown, but with scale edges somewhat lighter, so that longitudinal 
lines are simulated; however, these are not as conspicuous as in most of the 
albifrons-group. Below the color is somewhat lighter brown. The tail tip is 
white, but only as far back as the first scales adjacent to the terminal spine. 


Remarks.—The high dorsal scale count of this species will serve to dis- 
tinguish it from the other forms of Leptotyphlops now known from South 
America. The type has 331 dorsals, while, of 32 other specimens of various 
species from South America, including others from Peru, none exceeds 272. 
So large a difference is far beyond the range of variation encountered in any 
species within a single area. 


Lastly, I find in looking over the island specimens, that, while the 
species from Watling Island in the Bahamas has hitherto been considered 
L. albifrons, it differs from that mainland form in several important char- 
acters. I have therefore named it, after the island’s most famous visitor, 


Leptotyphlops columbi sp. nov. 
Figures 3a and 3b. 


Type —No. 1364 in the collection of the Carnegie Museum of Pittsburgh, 
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collected on Watling (or San Salvador) Island, Bahama Islands, by W. W. 
Worthington, in 1909. 


Diagnosis —A small worm snake of the genus Leptotyphlops, having sup- 
raoculars, but differing from albifrons and related species in having no white 
blotch on the snout or tail tip, no light dorsal longitudinal lines, and a higher 
subcaudal scale count than any known species of the albifrons-group. From dulcis 
and related species it differs in its dark color and high number of subcaudals. 
From bilineata it differs in having the ocular touching the lip. 


Description of the Type.—Length over-all 183 mm.; length of tail 13 mm.; 
ratio of total length to tail length 14.1. Diameter of body 3.2 mm.; ratio of 
body length to diameter 57. 


The body is alniost cylindrical, the head being only slightly distinct. The 


tail is somewhat reduced in diameter and terminates in a sharp spine. 


The head is moderately depressed, with a prominent, rounded, overhanging 
snout. The rostral is curved from the underside of the upper jaw over the snout, 
reaching back as far as the front of the eye. The posterior tip is rounded. The 
supraocular series comprises on each side an inferior nasal, a single anterior 
supralabial, an ocular, and a posterior supralabial. The nasals are divided and 
are somewhat narrower than the widest part of the oculars. The inferior nasal is 
much smaller than the upper; the nasal suture rises upward toward the rostral. 
The superior nasals are prevented from meeting on the mid-dorsal line by the 
contact between the rostral and prefrontal. The anterior supralabial is small and 
is higher than wide; it is narrower than the inferior nasal. The ocular is large 
and reaches the lip. The eye is above the top of the anterior supralabial and is 
placed toward the front of the ocular. The posterior supralabial is as wide as 
high; it narrows toward the top. The supraoculars are relatively large, consid- 
erably exceeding in size the scales of the dorsal series. They are prevented from 
meeting by the prefrontal-frontal contact, and are directed forward and outward 
on either side of the prefrontal. Of the mid-dorsal series the interparietal is 
slightly larger than either the prefrontal or frontal. The parietals are large, twice 
as high as wide, and contact the posterior supralabials. The occipitals (or 
posterior parietals) are also large; they are prevented from contacting the 
posterior supralabials by a small temporal on each side. The mental is small 
and triangular. There are four infralabials on each side, the posterior being 
enlarged and hidden by the overhanging upper jaw. The chin shields are small 
and regular, and enlarge posteriorly. 


The body is covered with 14 rows of smooth and imbricate scales of uniform 
size, neither the mid-dorsal nor mid-ventral being conspicuously enlarged. There 
are 10 rows around the tail, two rows being dropped 6 scales anterior to the anal 
plate, and two at the base of the tail. The anal is entire. The median dorsal 
series from prefrontal to tail spine numbers 261, the subcaudals 24. 


The 9 dorsal scale rows (in alcohol) are very dark brown—nearly black— 
in solid color without lines, punctations, or light borders. The ventral color is 
somewhat lighter, the 3 mid-ventral rows being medium brown. The lip edges, 
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particularly the mental, are somewhat lighter; this is also true of the anal. The 
rostral and the sides of the head, as far back as the posterior supralabials, 
temporals, and the lower edges of the parietals, are dotted with tiny pores. 


V ariations—Four paratypes from the same series are available, the data 
on them being as follows: 


Sub Length Tail Body 
Number Dorsals caudals over-all length diameter L/T L/D 


1360 263 oe 136 10/2 2,3 129 59 
1361 259 25 139 11Y at 12-1 38 
1362 260 24 148 12 2.9 12:3 59 
1363 255 25 124 10/2 2.3 11.8 +4 


These paratypes are similar to the type in all important characteristics. 
Two are somewhat lighter in color. 


Remarks.—The snakes of Watling Island have hitherto been classified as 
albifrons, and the long supraoculars indicate a closer affinity to albifrons than 
to dulcis. However, the absence of the characteristic albifrons white blotches on 
the rostral and tail, and also the absence of light longitudinal lines, will readily 
distinguish columbi from most of the mainland snakes of the albifrons-group. 
The high subcaudal scale count (minimum 24) is an even more important 
difference. Dulcis reaches only 17 and mainland albifrons (no doubt a complex 
of several species and subspecies) usually varies between 16 and 21. One 
specimen from Bolivia has 23 subcaudals, the maximum noted to date. 


For the loan of specimens used in this study I owe thanks to the 
following individuals and institutions: Dr. G. K. Noble and Mr. Charles 
M. Bogert, American Museum of Natural History; Mr. Joseph R. 
Slevin, California Academy of Sciences; Mr. M. Graham Netting, 
Carnegie Museum of Pittsburgh; and Mr. Karl P. Schmidt, Field 
Museum of Natural History. 


Mr. James Deuel has had the laborious duty of counting the scales 
on these tiny snakes, a task requiring skill and patience, and to him I 
wish to express my gratitude. Credit for the illustrations is to be given 


Mr. Norman Bilderback. 


Fig. la-b. Leptotyphlops tenella, sp. nov 


a, : 
Fig. 2a-b. Leptotyphlops subcrotilla, sp. nov. 
Fig. 3a-b. Leptotyphlops columbi, sp. nov. 
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A NEW SUBSPECIES OF THE WESTERN 
WORM SNAKE 
BY 


LauRENCE M. KLAUBER 
Curator of Reptiles and Amphibians, San Diego Society of Natural History 


Lately, in surveying the differential characters of the worm snakes of 
the genus Leptotyphlops, I have found the number of longitudinal scale 
rows around the tail to constitute a character of value in separating some 
closely related forms. It is a character of easy and accurate determination, 
since the rows are constant in number from a point just posterior to the 
vent almost to the terminal cone. There seems to be no sexual or other 
variation within homogeneous series; thus 52 specimens of L. humilis 
humilis from western San Diego County, California, without exception 
have 12 rows; and 103 specimens of L. dulcis from Texas, all have 10 
rows. Only in one locality, evidently an area of intergradation between 
two subspecies, have I found any variation in this character. 


Upon the basis of this character I find that the worm snakes without 
supraoculars, in western Texas and northern Coahuila, differ from the 
subspecies further west, and I therefore describe the eastern subspecies as 


Leptotyphlops humilis segregus subsp. nov. 


Type—No. 103670 in the collection of the United States National Mu- 
seum. Collected on Chalk Draw, Brewster County, Texas, August 11, 1936, by 
T. F. Smith. 

Diagnosis —A worm snake of the species Leptotyphlops humilis, but differ- 
ing from the other subspecies in having 10 scale rows around the tail instead of 
12 

Description of the Type—Length over-all 313 mm.; length of tail 14 mm.; 
ratio of total length to tail length 22.4. Diameter of body 614 mm.; ratio of body 
length to diameter 48. 

The body is almost cylindrical, the head being only slightly distinct. The 
tail is somewhat reduced in diameter and terminates in a sharp spine. 

The head is moderately depressed, with a prominent, rounded overhanging 
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snout; viewed from above it is wedge-shaped. The rostral is curved from the 
underside of the upper jaw over the snout, reaching back nearly as far as the front 
of the eye; the posterior tip is rounded. The supraocular series comprises, on. 
each side, an inferior nasal, a single anterior supralabial, an ocular, and a posterior 
supralabial. The nasals are divided, the upper part, bging somewhat wider than 
the widest part of the ocular. The inferior nasal is much smaller than the upper; 
the nasal suture rises upward toward the rostral. The superior nasals are pte- 
vented from meeting on the mid-dorsal line by the contact between the rostral 
and prefrontal. The anterior supralabial is small and is higher than wide; it is 
of the same width as the inferior nasal. The ocular is large and reaches the lip. 
The eye is above the top of the anterior supralabial and is located toward tii: 
front of the ocular. The posterior supralabial is as wide as high; it narrows toward 
the top. There are no supraoculars. Of the mid-dorsal series the frontal is slightly 
smaller than either the prefrontal or interparietal. The parietals are large, three 
times as high as wide, and contact the posterior supralabials. The occipitals are 
also large; they are prevented from contacting the posterior supialabials by a 
temporal on each side. The mental is small and triangular. There are three infra- 
labials on each side, the posterior being enlarged and hidden by the overhanging 
upper jaw. The chin-shields are small and regular, and enlarge posteriorly. 


The body is covered with 14 rows of smooth and imbricate scales of uniform 
size, neither the mid-dorsal nor mid-ventral being conspicuously enlarged, except 
that the mid-dorsals are somewhat expanded on the neck. There are 10 rows 
around the tail, two rows being dropped 3 scales anterior to the anal plate, and two 
at the base of the tail. The anal is entire and somewhat pointed. The median 
dorsal series from prefrontal to tail spine numbers 275, the subcaudals 15. 


The 7 dorsal scale rows (in alcohol) are brown, the color being applied with 
punctations; the edges of the scales are a trifle lighter than the centers. The 
ventral color is somewhat lighter, the 7 mid-ventral rows being cream. The top 
of the head is also brown. The posterior supralabials and the temporals are light. 
The rostral and the sides of the head, as far back as the posterior supralabials, 
temporals, and the lower edges of the parietals are dotted with tiny pores. 


Remarks.—In addition to the type, four other specimens from Texas and 
two from Coahuila have been available. They are similar to the type in all 
essential characters. No specimen available from these areas has other than 10 
tail rows. In southeastern Arizona specimens occur with either 10 or 12 rows. 
This area is deemed one of intergradation with humilis humilis. From central 
Arizona to the Pacific Coast and south into Sinaloa and Lower California, 12 
rows are universal. The relationship between segregus and the other humilis sub- 
species will be discussed more completely in a paper now in preparation. 


This character will probably prove useful in other Leptotyphlops groups. 
For example, amongst 52 specimens of the albifrons group from Central and 
South America, only 5 specimens — 4 from Bolivia and one from extreme south- 
eastern Peru— have 12 scale rows around the tail; all others have 10. But 
whether this is a valid species or subspecies must await the checking of the type 
specimen of Leptotyphlops undecimstriatus Schlegel, 1844, if it be still available 
in the Paris Museum. Under present European conditions this is impossible. 
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TWO NEW POCKET GOPHERS FROM THE 
DESERT SLOPE OF EASTERN SAN DIEGO 
COUNTY, CALIFORNIA 
BY 


LauRENCE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


The present paper is the outgrowth of a study, upon which the writer 
is engaged, of the races of Thomomys inhabiting the northern section of 
Lower California, Mexico. It deals with the gophers of the adjacent 
region which lies between the Coast Range mountains on the west, the 
Colorado River on the east, the lowest desert slopes of San Gorgonio Pass 
on the north, and the vicinity of Laguna Salada, Mexico, just below the 
International Boundary, on the south. 


This is the area commonly known as the Colorado Desert. Much of 
it lies below sea level. By diversion of water from the Colorado River, the 
more alluvial, level floor has been developed for agriculture and is called 
Imperial Valley. Salton Sea, a saline lake some 45 miles long, was formed 
by overflow from the Colorado River and is now maintained by drainage 
from the irrigated lands. It occupies the lowest part of the area. 


There are several valley-like drainage courses, which slope downward 
from the western mountain area. The four main ones, from north to 
south, are the Coachella Valley, the Borego Valley, Carrizo Creek, and 
the western part of Laguna Salada Basin. Each of these four areas sup- 
ports an isolated colony of Thomomys, of which the northern one, Tho- 
momys bottae perpallidus, in the Palm Springs-Coachella Valley section, 
and the southern one, Thomomys bottae lucidus, in the northwestern part 
of Laguna Salada Basin, have been described. Study of a series of speci- 
mens in the collection of the San Diego Society of Natural History from 
each of the two intervening localities discloses characters that are separable 
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from the two above forms and from the form Thomomys bottae albatus, 
which has spread over the vast irrigated section from its original source 
near the Colorado River. 


The writer wishes to express his appreciation of the kindness of Drs. 
E. Raymond Hall and Seth B. Benson, of the University of California, in 
lending the type and only known other specimen of Thomomys bottae 
lucidus from the collection of the Museum of Vertebrate Zoology. 
Examination of these two highly important specimens contributed largely 
to the results of this study. He also wishes to acknowledge the aid of 
Mr. Allan Stover in making the drawings that illustrate this article. 


Thomomys bottae boregoensis subsp. nov. 
BorEGO VALLEY PocKET GOPHER 


Type.—From Beatty Ranch, Borego Valley, San Diego County, California; 
no. 8034, collection of the San Diego Society of Natural History; adult female; 
collected by Laurence M. Huey, March 29, 1930. 


Characters and Comparisons —Thomomys bottae boregoensis is darker and 
more buffy, dorsally, than Thomomys bottae albatus from the Colorado River 
delta and the Imperial Valley irrigated region. Cranially, boregoensis has a 
narrower rostrum, slightly more inflated and rounded bullae, and more sharply 
spreading, angular, zygomatic arches. 


Compared with Thomomys bottae perpallidus from the Palm Springs- 
Coachella Valley district, boregoensis is more pallid, though it is not as widely 
different in color as it is from albatus. Cranially, boregoensis has smaller, less 
inflated bullae than perpallidus. The posterior section of the brain case is broader 
and more rugose, and the zygomatic arches are more widely spread and more 


angular. 


Compared with Thomomys bottae aderrans hereinafter described from 
Carrizo Creek — the desert valley south of the range of boregoensis — borego- 
ensis is quite similar in color, although, in series, it averages slightly lighter. 
Cranially, boregoensis has more widely spreading zygomatic arches than aderrans, 
and the anterior portion of the brain case is narrower, particularly in the region 
of the frontal. The rostrum is longer and more attenuated. ~ 


Measurements—T ype: Total length, 231; tail, 73; hind foot, 30; ear, 5. 
Skull (type) : Condylobasal length, 39.8; spread of maxillary arch, 25.5; inter- 
orbital constriction, 6.2; nasals, 13.7; alveolar length of upper molar series, 7.3. 


Range.—That part of the Colorado Desert that extends from the south base 
of the Santa Rosa Mountains, San Diego County, California, to the vicinity of 
San Felipe Narrows, San Diego County, California, thence eastward to Harper’s 
Well, Imperial County, California. 


Remarks.—The specimens used as types and for illustrations in this paper 
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were all adult females, selected for uniform age in order to give an accurate com- 
parison of their characters. It is of interest to note that some of the specimens 
used in the study were collected as long ago as 1886 by the veteran field naturalist, 
Frank Stephens. 


Thomomys bottae aderrans’ subsp. nov. 


CARRIZO CREEK PocKET GOPHER 


Type-—From Carrizo Creek, San Diego County, California; no. 1305, col- 
lection of the San Diego Society of Natural History; adult female; collected by 
Frank Stephens, January 21, 1924. 


Characters and Comparisons —Thomomys bottae aderrans, like T. b. bore- 
goensis, is darker and more buffy, dorsally, than Thomomys bottae albatus. 
Cranially, aderrans has rounder and more inflated bullae, also a broader and more 
flattened brain case, than albatus. The zygomatic arches closely resemble those 
of albatus in curve and spread, but are lighter boned. 


Compared with T. b. boregoensis, aderrans is but slightly darker in average 
color, though cranially there are a number of differences. The bullae are rounder 
and more inflated; the rostrum is shorter and heavier, less attenuated; the brain 
case is broader and more flattened; and the zygomatic arches are more curving 
and not so widely angled or spread. 


Compared with Thomomys bottae lucidus, aderrans is much darker, more 
buff-colored, dorsally and is larger in size. Cranially, there is a resemblance in 
some characters. The bullae of aderrans are nearly if not fully as inflated and 
the brain case has the same flattened appearance. However, the difference in 
relative size readily separates the two. The zygomatic arches of aderrans are 
heavier and more angular than those of lucidus. In profile view, the skull is 
more arched over the peripheral contour. 


Measurements—Type: Total length, 227; tail, 85; hind foot, 31; ear, 6. 
Skull (type): Condylobasal length, 37.9; spread of maxillary arch, 23.6; inter- 
orbital constriction, 6.7; nasals, 13.1; alveolar length of upper molar series, 7.6. 


Range——Known only from the vicinity of Carrizo Creek, a moist seepage 
of about two miles in length, situated on the boundary of San Diego and Imperial 
Counties, California. 


Remarks.—Grinnell and Hill? called attention, in their discussion of the 
gophers of the Lower Colorado Valley, to the fact that “Thomomys bottae 
albatus? is a form in which more or less isolated populations, each remarkably 
uniform in itself, differ slightly from other nearby populations.” Examination 
of their list of “Specimens examined” reveals that they had extremely few 
examples from the localities in which the two above races have been named or 


1 Aderrare, Latin: “By wandering about to arrive at a place.” 
2 Jour. Mammalogy, Vol. 17, pp. 1-10, Feb., 1936. 
3 Grinnell and Hill used the name T. perpallidus albatus. 
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they would without doubt have reached the same conclusions as the present 
writer. 


Specimens examined.—Thomomys bottae albatus, 43 from vicinity of Bard, 
Imperial County, California; 1 from Pilot Knob,+ Imperial County, California 
(type locality) ; 1 from Brawley, Imperial County, California; 1 from Salt Creek, 
Colorado Desert, Imperial County, California; 1 from 20 miles east of Mexicali, 
Lower California, Mexico. Thomomys bottae perpallidus, 9° from Palm Springs, 
Riverside County, California (type locality); 2 from Fish Spring, Imperial 
County, California (not typical). Thomomys bottae boregoensis, 1 from Beatty 
Ranch, Borego Valley, San Diego County, California; 3 from Borego Spring, 
Borego Valley, San Diego County, California;? 3 from Palm Canyon, Borego 
Valley, San Diego County, California; 6 from east side San Felipe Narrows, San 
Diego County, California; 11 from Harper’s Well, Imperial County, California. 
Thomomys bottae aderrans, 17 from Carrizo Creek, San Diego-Imperial County 
line, California. Thomomys bottae lucidus, 2 from Las Palmas Canyon (= 
Gaskill’s Tank), 200 ft. altitude, west side of Laguna Salada (north of 32° N. 
latitude) Lower California, Mexico (Quailbrush-Mesquite association, fide J. E. 
Green) —type and only known other specimen. 


4 Collected March 2, 1903. 

> 4 specimens collected in March, 1886. 

6 Type. 

7 1 specimen collected December 24, 1889. 
82 specimens collected December 2, 1891. 
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SKULLS OF COLORADO DESERT GOPHERS 
Dorsal, ventral and lateral views. Natural size. 


. Thomomys bottae albatus. From vicinity of Bard, Imperial County, California (near 


type locality) . 
Thomomys bottae perpallidus. Topotype, from Palm Springs, Riverside County, 


California. 
Thomomys bottae lucidus. Type specimen, from west side of Laguna Salada, Lower 
California, Mexico. 


. Thomomys bottae boregoensis. Type specimen, from Borego Valley, San Diego 


County, California. 
Thomomys bottae aderrans. Type specimen, from Carrizo Creek, San Diego- 


Imperial County line, California. 


28998 — 
TRANSACTIONS A Fooloay 2) 
MAY 81940 ) 


OF THE 


SAN DIEGO SOCIETY OF NATURAL HISTORY 


Vo . IX, No. 16, pp. 77-78 AprIL 30, 1940 


A RACE OF THE WARBLING VIREO 
FROM GUERRERO, MEXICO 
BY 


A. J. VAN RoSSEM 
Dickey Collections, California Institute of Technology 


At the British Museum, in the spring of 1938, I examined a series of 
warbling vireos from the Sierra Madre del Sur in the State of Guerrero, 
Mexico. These were considered at the time to be an undescribed race of 
Vireo gilvus. In August, 1939, these specimens were again reviewed and 
the former impression confirmed. The race is a connecting link between 
the gilyus and amauronotus groups and may appropriately be named 


Vireo gilvus connectens subsp. nov. 


Type.—Sex not indicated; a bird of the year just completing the post-juvenal 
molt; No. 91.11.3.244, British Museum Register; collected at Chilpancingo, 
Guerrero, Mexico (alt. 4600 ft.) in August, 1888, by “D. W.S.” [ = Mrs. H. H. 
Smith ]. 


Subs pecific characters —Intermediate in color between the gilyus and amau- 
ronotus groups of warbling vireos; that is to say darker and more brownish 
(particularly on the pileum) than any of the described races of gilvus; paler and 
more grayish green than amauronotus. 


Range-—Known only from the Sierra Madre del Sur, Guerrero. 


Remarks.—The opinion that the gilvus-leucophrys-amauronotus groups of 
warbling vireos were conspecific has been advanced at various times, most recently 
by Hellmayr (Catl. Birds Amer., 8, 1935, p. 152). This author has already 
linked leucophrys and amauronotus, while the new race here described links gilvus 
and amauronotus. The intermediate character of connectens may be re-emphasized 
by the fact that while my own notes treated it as a race of gilyus Dr. W. L. 
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Sclater had, in the interval, marked it as an un-named race of amauronotus. 


All nine specimens were collected in July and August, 1888, by Mrs. Smith 
at Amula (6000 ft.); Omilteme (8000 ft.); Chilpancingo (4600 ft.); Xucu- 
manatlan (altitude not recorded). They are all birds of the year in fresh, nearly 
complete post-juvenal plumage, save for one worn adult from Omilteme taken 


in July. 
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NOTES ON SOME NORTH AMERICAN BIRDS 
OF THE GENERA MYIODYNASTES, PITANGUS, 
AND MYIOCHANES 
BY 


A. J. vAN RossEM 
Dickey Collections, California Institute of Technology 


The following remarks are in the nature of a summary of several years 
of investigation into the status of certain Tyrannidae which come within 
the scope of the American Ornithologists’ Union Check-List. Data on 
which conclusions have been based have been gathered through personal 
inspection of most of the major and several of the minor collections both 
in America and abroad. Of course it has not been possible to assemble 
all material for direct comparison at one time; however, certain critical 
specimens have been re-examined on various occasions. 


Myiodynastes luteiventris 


Some years ago (Condor, 29, 1927, p. 126) the writer named the sulphur- 
bellied flycatcher of Arizona and northwestern Mexico as Myiodynastes lutei- 
ventris swarthi, and as such it stands in the present (1931) edition of the 
Check-List. Recently, Zimmer (Amer. Mus. Novit., 963, 1937, pp. 1-5) 
has decided that the name swarthi is antedated by vicinior Cory, described (Field 
Mus. Nat. Hist., Orn. Ser., 1, 1916, p. 342) from an October male in juvenal 
plumage from Peru. I do not agree with this course for several reasons. 


In Yucatan and the more arid parts of Guatemala there occur, scattered 
among normal luteiventris, occasional individuals with color characters very similar 
to those shown by the northwestern race, that is to say they are paler and more 
sparsely streaked below and paler and more ashy above than typical luteiventris. 
This fact has also been noted by Zimmer. Practically the only means of 
distinguishing such specimens from swarthi is the slightly smaller size. As an 
additional complication juveniles of both races seem to be more variable in color 
than are adults. 
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The type of Myiodynastes luteiventris vicinior (44,859 Field Museum) was 
examined by me in 1927 and again in 1939. It is, just as Zimmer has stated, a 
fully grown juvenile which is good swarthi in color. But its wing and tail 
measurements are small and are as follows: wing, 105; tail, 74mm. The smallest 
juvenal male swarthi measured by me (and this specimen still has the wing feathers 
sheathed at the bases) has a wing of 108 and a tail of 78 mm. An almost exact 
match for the type of vicinior in measurements and color is No. 7946 in the 
United States National Museum from “‘Guatemala,” a bird undoubtedly native 
to the region, for the last traces of sheathing are just being shed from the bases 
of the rectrices. 


In view of the above and remembering also Zimmer’s own conclusion that 
“some specimens from the apparent breeding range of [uteiventris are not clearly 
separable [in color] from swarthi,” I see no good reason for changing a name of 
certain application for one which is decidedly questionable. It is only fair to Mr. 
Zimmer, though, to remark that the larger size of swarthi was not mentioned in 
the original diagnosis. 


The matter of the moults of the sulphur-bellied flycatcher is by no means 
settled. Zimmer states that the entire moult (presumably of both adults and 
young) is carried out in winter quarters. This is emphatically not the case in 
my experience. There are several fal! examples of swarthi at hand (adults and 
young) which show substantial premigration body moult, while in El Salvador 
the fall body moult of /uteiventris is practically complete before migration. The 
old remiges and rectrices, though, seem always to be retained and are evidently 
replaced in winter quarters. There are analogies among certain other migratory 
Tyrannidae, notably in some species of Empidonax. 


Pitangus sulphuratus 


During the past several years I have examined all specimens of the Derby 
flycatcher in the collections of the American Museum of Natural History, the 
Bishop collection, the British Museum, the Bureau of Biological Survey, the 
Carnegie Museum, the Dickey collection, the Field Museum, the Los Angeles 
Museum, the San Diego Society of Natural History, the United States National 
Museum, and, in part, those in the Museum of Comparative Zoology. The total 
is well in excess of 400 specimens, of which some 300 have been measured, noted 
and tabulated. The remainder have been used principally as checks on the more 


detailed data. 


To attempt to lump the Texas, Mexico, and Central American populations 
of the Derby flycatcher under one or even two races is not in accordance with 
the accumulated evidence. Ridgway (Birds of No. and Mid. Amer., 4, 1907, p. 
672) went so far as to include everything from Costa Rica northward under one 
name but he had utterly inadequate material; Hellmayr (Catl. Bds. Amer., 5, 
1927; p. 148) followed a similar course. The latest reviewer, Zimmer, (sup. cit., 
pp. 24-28) recognized two races, although somewhat reluctantly. The present 
writer can readily appreciate four distinct races in this same great area and, in 
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addition, two character trends which, eventually, it may be desirable to recognize 
by name. 


As preliminary remarks concerning the geographic pattern of Pitangus 
sulphuratus in Central America and Mexico, it may be stated that west coast 
and interior birds are paler brown (less olivaceous) dorsally than those from 
the east coast; they have the lateral rectrices more extensively rufous (less dusky) , 
and have paler yellow under parts. The exception to this general trend is in 
Yucatan, a matter which will be considered further. Size increases northerly in 
the interior and northeast; in the Pacific coast lowlands it remains, in general, 
small, save for an increase in bill size northerly. The various combinations of size 
and color from western Panama northward are considered under the following 
names. 


Pitangus sulphuratus guatimalensis (Lafresnaye) 
CENTRAL AMERICAN DERBY FLYCATCHER 


Saurophagus guatimalensis Lafresnaye, Rev. et Mag. Zool., Oct., 1852, p. 462 
(“Guatemala”). 


Subspecific characters—A relatively small race of brighter yellow ventral 
coloration, darker (more olivaceous) upper parts, a minimum of rufous in the 
lateral rectrices, and with a comparatively short, shallow bill. 


Range——Western Panama north throughout Central America to Tabasco 
and southern Vera Cruz on the east coast and to the Isthmus of Tehuantepec on 
the west coast. 


Remarks.—I cannot distinguish specimens from Tabasco and southern Vera 
Cruz from eastern Central American birds. Western specimens from El Salvador 
northward to Tehuantepec are equally small but are somewhat paler; indeed some 
Chiapas and Oaxaca individuals very definitely approach the interior race 
derbianus in color and bill shape. However, details of the intergradation of 
guatimalensis and derbianus are so involved with altitude that determination of 
individual specimens is necessarily often arbitrary in the Tehuantepec region. 
This latter area may, for the present, be taken as the northwestern limit of 
guatimalensis. 


Somewhat puzzling are the characters shown by a considerable number of 
Yucatan birds. So far as material examined from Cozumel, Mujeres, and Buctotz 
Islands is concerned there would seem to be ample grounds for the recognition of 
a small, ventrally very pale colored insular race. But similar specimens appear 
now and then from localities so far south on the mainland of the peninsula as 
San Filipe. This fact combined with the certainty that the great bulk of Yucatan 
mainland birds are typical guatimalensis leads one to suspect that in Pitangus, as 
in Myiodynastes, there is in this region, a tendency to pallor which crops out in 
a certain proportion of individuals. In this connection must be considered the 
type of Pitangus sulphuratus pallidus Griscom (Amer. Mus. Novit., 414, 1930, 
p. 4), named from a single specimen from Sacapulas in the arid eastern interior 
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of Guatemala. While it is possible that this type (395,047 Amer. Mus.) is a 
normal individual of a localized race, or is an example similar to the Yucatan 
birds mentioned above, it is my distinct impression, after a careful examina- 
tion, that it is an abnormal guatimalensis which shows evidences of albinism. 
With this last supposition Mr. Zimmer, who has re-examined the type with 
me, is inclined to agree. At any rate the validity of the name requires confirmation. 


Pitangus sulphuratus texanus subsp. nov. 
Texas DERBY FLYCATCHER 


Type-—Male adult, 135,066 United States National Museum; Brownsville, 
Texas; collected by F. B. Armstrong on Dec. 8, 1893. 


Subspecific characters—Most closely resembling Pitangus sulphuratus gua- 
timalensis (Lafresnaye) of Central America and southeastern Mexico, but differ- 
ing in generally larger size, particularly in longer tail and bill; coloration slightly 
paler throughout and with much more white on forehead and supetciliary region. 
Differs from Pitangus sulphuratus derbianus (Kaup) of central interior and 
southwestern Mexico in more olivaceous and slightly darker dorsal coloration, 
lateral rectrices with less rufous on inner webs, and in having a shorter wing, 
longer tail and shallower bill. 

Range.—Lower Rio Grande Valley of Texas (Laredo; Hidalgo; Browns- 
ville; etc.) , south to Tamaulipas (many localities) , Nuevo Leon (Rio Comacho) 
and northern and central Vera Cruz. 

Remarks.—Central Vera Cruz specimens are so variously intermediate 
between texanus and guatimalensis that individuals are sometimes difficult to place. 
For example, six specimens from Tlacotalpan are extremely variable but average 
closer to texanus. Vega del Cazadero, Atoyac, Jalapa, and Colipa specimens are 
all large but are variously intermediate in color. Present data seem to indicate 
La Antigua as the northern limit of guatimalensis in reasonably stable form but 
a small proportion of birds from as far north as Misantla are individually closer 
to guatimalensis. It seems not unlikely that altitude plays a part in the southern 
limits of texanus and the northern limit of guatimalensis and that intergradation 
between the two races is really not so “spotty” as present data might seem to 
indicate. 


Pitangus sulphuratus derbianus (Kaup) 
INTERIOR DERBY FLYCATCHER 


Saurophagus Derbianus Kaup, Proc. Zool. Soc. Lond., 1851 [Read Feb. iF 
1851; pub. Oct. 28, 1852], p. 44 (Zacatecas, in Mexico). 


Subspecific characters —Differs from Pitangus sulphuratus texanus van 
Rossem of southeastern Texas and northeastern Mexico in longer wing, slightly 
shorter tail, thicker and slightly narrower bill in which the depth at nostrils is 
about equal to the width at the same point, paler and more grayish brown (less 
olivaceous) dorsal coloration, and with lateral rectrices with more rufous (less 
dusky) on inner webs. 
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Range—Central and southwestern Mexico from Zacatecas south through 
interior Jalisco, interior Nayarit, Guanajuato, Michoacan, Colima, Morelos, 
Puebla, Mexico, Guerrero, and Oaxaca to the Isthmus of Tehuantepec. 


Remarks.—Kaup’s type was a specimen received by him from Wollweber 
from some place in Zacatecas and the analogies of other species obtained from 
the same source indicate the central or eastern part of that State. Fortunately, 
Kaup gives minute measurements of his type and these provide definite informa- 
tion as to which race he had in hand. The long wing, relatively short tail and 
long bill (128, 92, 32 mm., respt.) place it as from the interior. 


In this connection it is opportune to correct a misconception as to the loca- 
tion of the type of derbianus, which is universally cited as being in the Derby 
Museum. Kaup, although he titled his paper “Descriptions of some New Birds 
in the Museum of the Earl of Derby,” described several species from specimens 
outside of that institution. In the present case he specifically states that he had 
received a single specimen from Wollweber from Zacatecas but that he “found 
in the collection of Lord Derby and in the British Museum a great number of 
the same species.” His description was written a year or more after his visit to 
England and, in view of his specific designation of a type locality and of his 
other remarks, there is little reason to suppose that it was drawn from any other 
specimen. So far as I could determine by a personal search (in 1933) this type 
is no longer in the Darmstadt Museum, but this is not surprising in view of the 
condition of the remnants of the old collection there. It is also worth noting 
that Wolf’s plate (XXXVI) is that of a typical guatimalensis, both in size and 
color and certainly is not the individual described by Kaup. The “type” of the 
plate may be in the Derby Museum but on this point I have no first-hand 
information. 


The characters of derbianus appear to hold very uniformly throughout the 
interior but in the Pacific lowlands the situation is similar to that found in the 
area of intergradation between guatimalensis and texanus on the east coast; in 
other words, characters are extremely variable from Nayarit south to Oaxaca. 
Here, again, altitude probably is a decisive factor, but lack of data do not permit 
definite conclusions. Lowland birds from Nayarit are very close to palliatus, but 
one from Rio Amatlan in that State is typical derbianus (Amer. Mus.). 
Guadalajara and Bolafios (Jalisco) specimens are intermediate but average 
decidedly closer to derbianus than to palliatus. City of Colima specimens are 
certainly derbianus but lowland birds from the same State are smaller. Interior 
specimens from Iguala, Guerrero (series in the Field Museum) are typical 
derbianus but coastal examples (Acapulco) are smaller and brighter colored. In 
view of the apparently unstable characters it seems best, at the present time, to 
call all coastal Derby flycatchers from Jalisco southward derbianus, with 
tendencies, coastwise, toward guatimalensis southerly and toward palliatus in 
Colima, Nayarit, and Jalisco. What is probably a vagrant is a typical derbianus 
from Tonala, Chiapas (Univ. Mich.) taken on May 15, 1939. However, four 
other Tonala specimens (British Museum) are guatimalensis, although of the 
slightly paler type found all along the west coast from El Salvador northward. 
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Pitangus sulphuratus palliatus van Rossem 
Sonora DerBy FLYCATCHER 


Pitangus sulfuratus [sic] palliatus van Rossem, Proc. Biol. Soc. Wash., 50, Feb. 
23, 1937, p. 25 (Alamos, Sonora, Mexico). 


Subspecific characters.—A small race which resembles Pitangus sulphuratus 
guatimalensis in small size but from which it differs in longer and larger bill, paler 
and more grayish brown upperparts, paler and more primrose (less lemon) 
yellow underparts, and lateral rectrices more rufous (less dusky) on inner webs. 
Differs from Pitangus sulphuratus derbianus of interior Mexico in much smaller 


general size and shallower, though equally long, bill. 
Range.—Lowlands (Arid Tropical Zone) of southern Sonora south, coast- 
wise, to Nayarit. 


Remarks.—This appears to be a lowland race and confined to the Arid 
Tropical Zone lowlands. The extreme accentuation of characters is seen in 
southern Sonora and northern Sinaloa; southern Sinaloa and Nayarit specimens 
tend to be slightly brighter and also sometimes show intergradation with derbianus. 


MEASUREMENTS OF ADULT MALES 


Extremes and Averages 
Depth at Width at 


Wing Tail Culmen nostril nostril 
20 guatimalensis...........-.--- 113-120 84-90 25.0-30.0 8.5-9.5 9.0-11.0 
(116.4) (87.2) (27.6) (9.0) (10.1) 
ZO MLEXarUs =e eee 117-128 91-101 29.0-32.0 9.0-10.0 10.0-11.5 
(122.6) (96.0) (30.3) (9.2) (10.6) 
Z2Omd erbianius= 125-131 90-96 30.0-32.0 9.5-11.0 9.5-11.0 
(130.0) (93.4) (30.8) (10.1) (10.3) 
Me Del ict 1s 114-125 86-94 28.0-33.0 9.0-10.0 10.0-11.5 
(119.1) (89.8) (30.1) (9.7) (10.6) 


Myiochanes virens 


On two previous occasions (Trans. San Diego Soc. Nat. Hist., 6, 1931, p. 
265, and Bull. Mus. Comp. Zool., 77, 1934, p. 450), I have called attention to 
the characters of a race of wood-pewee which occurs in northwestern Mexico 
and the Sonoran Zones of extreme south-central Arizona. Application of a 
definite name was delayed for several reasons, among them investigation into 
the status of Contopus veliei Coues, of Contopus plebeius Cabanis and Heine, 
and of Contopus sordidulus Sclater. Now that none of these names seem to be 
available, as will be noted later, the new race is called. 


Myiochanes virens placens subsp. nov. 


Type—Breeding male adult, No. 31,609 Dickey collection; Madera Cajfion, 
Santa Rita Mountains, Santa Cruz County, Arizona, altitude 6000 feet in the 
Upper Sonoran Zone, June 2, 1931; collected by A. J. van Rossem. 
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Subspecific characters —Differs from Myiochanes virens richardsonu (Swain- 
son) of the Rocky Mountain region of the United States and Canada in smaller 
size and paler and grayer coloration throughout. Differs from Myiochanes 
virens sordidulus (Sclater) of eastern Mexico in much paler coloration and 
smaller bill. Differs from Myiochanes virens peninsulae (Brewster) of Lower 
California in even paler and grayer coloration and in very much smaller bill. 


Range.—Sonoran zones of extreme south-central Arizona south through the 
Sonoran and Transition zones of central and eastern Sonora and western 
Chihuahua. Winter range unknown, but migrates through El Salvador (August; 
October; March; April) , western Nicaragua (Chinandega, May 2), and Chiapas 
(San Cayetano, May 2). 


Remarks —Careful consideration has been given to the only three names 
which conceivably could apply to the new race. Sclater’s type of Contopus sor- 
didulus (88.1.13.1024) was examined at the British Museum in 1933 and again 
in 1938. On the latter occasion the authorities of that institution very kindly 
had one side of this specimen thoroughly cleaned with soap and water and also 
with a solvent. As a result the dark coloration was found not to be adventitious, 
for there was no discernible difference between the “clean” and “dirty” portions 
of the plumage. In color characters this type is very similar to darker examples 
of richardsonii (though not so dark as the race saturatus Bishop). The wing 
bars are very inconspicuous, the anterior being almost obsolete, and the pileum 
is only slightly darker than the back. The wing tip is much more rounded than 
is usual in other races of this species, the outermost (10th) primary being equal 
to the 6th, and the 9th shorter than the 8th but longer than the 7th. The 
measurements are: wing, 83; tail, 63; culmen from base, 18.5; exposed, 14.0; 
from nostrils, 10.5; width at nostrils, 7.0; tarsus, 13.6; middle toe minus claw, 
7.8 mm. It was collected by Botteri at Orizaba, Vera Cruz, Mexico, but other 
data are lacking. My estimate is that it was collected in spring. 


The name of Contopus veliei was coined by Coues (Proc. Acad. Nat. Sci. 
Philadelphia, 1866, p. 61, in text) as provisional to apply to the grayer western 
wood-pewees in case there should prove to be two species, or, as that author 
expressed it, to apply to those birds having the appearance of “a miniature of 
C. borealis”? He states furthermore that there are no size differences between 
his two, hypothetical, species. No type, type locality, or range was mentioned 
and the name is only dubiously of valid status even as a synonym of richardsonit. 
In the U. S. National Museum is a fully adult male (36,938), the type tag on 
which is inscribed by Ridgway as the type of veliei. It was taken by Coues himself 
at Fort Whipple, Arizona, on August 10, 1864, and on the old tag is written 
“yelei [sic] Coues” in what, presumably, is his handwriting. Under the circum- 
stances this individual can be considered at best a lectotype. The late Harry 
Swarth fully agreed with me that what Coues hypothecated by “veliei” was simply 
a color phase of richardsonii, and that even if the name had any nomenclatural 
standing (which he doubted) it could not be used for the small southern birds 
if such were to be distinguished. Incidentally, the wing and tail measurements 
of this specimen are 88 and 65 mm. respectively. 
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Lastly, there is Contopus plebeius Cabanis and Heine (Mus. Hein., 2, Sept., 
1859, p. 71, footnote) described simply as from “Mexico.” I have not seen 
the two co-types of this species but for several reasons, among them the wing 
measurement of 76 mm., think the name is most probably a synonym of 
Myiochanes brachytarsus (Sclater). There is the remote possibility, of course, 
that they might be extremely small migratory specimens of placens, but geo- 
graphical considerations are against this. 


It is of interest to observe that placens crosses the Arizona-Mexico boundary 
in almost the identical area in which the beardless flycatcher occurs and, to a 
great extent, occupies the same riparian habitats. Breeding localities from which 
typical placens has been examined in Arizona are Arivaca, Pefia Blanca Spring, 
Tumacacori, Continental, and the Upper Sonoran Zone in the Santa Rita 
Mountains. Series from the higher parts of the Chiricahua Mountains, from 
many altitudes in the Huachuca Mountains, the Rincon Mountains, and the 
White Mountains are of practically the same small size as placens but are darker 
in color and it seems best to consider them as richardsonit-placens intergrades. A 
single breeding specimen from the Transition Zone in the Santa Ritas (9000 
feet) is an undoubted richardsonii. 


MEASUREMENTS 
Wing Tail Exposed Culmen 
20 adult males of placens.............-... 80-84 59-64 11.6-12.8 
(83.4) (62.2) (12.4) 
23 adult females of placens.............. 77-82 57-63 11.8—13.0 


(79.4) (59.8) (12.4) 
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THE WORM SNAKES OF THE 
GENUS LEPTOTYPHLOPS IN THE 
UNITED STATES AND NORTHERN MEXICO 
BY 


LAURENCE M. KLAUBER 
Curator of Reptiles and Amphibians, San Diego Society of Natural History 


INTRODUCTION 


Among the worm snakes of the genus Leptotyphlops collected in eastern 
San Diego County, California, in 1938, there was a single specimen with supra- 
ocular scales. This curious and unexpected find started the investigation, the 
results of which are here set forth. 


Those who have not given particular attention to the worm snakes may well 
inquire why this specimen should be so startling. Neglecting subspecies for the 
moment, the current arrangement of the worm snakes allocates three species to 
our southern border from Texas to California: L. dulcis, L. myopicus, and L. 
humilis.! Of these, the first two have supraocular scales; the last is without them. 
Both dulcis and myopicus have been reported in southern Arizona, even as far 
west as Yuma.2 What could be more logical than to add a mere 100 miles to a 
range already known to extend 1100 miles westward from central Texas? But the 
solution is not so simple, for this puzzling specimen has a higher dorsal scale 
count, by about 40, than any other specimen of dulcis or myopicus hitherto found. 
And this high scale count is near the average of the specimens of humilis found 
in the same locality as this queer individual. Thus we either have a new species, 
turning up in an area which has been quite thoroughly collected, or an aberrant 
specimen with an anomalous pair of scales of a character often considered of 
generic or subgeneric importance.? 


Naturally the solution of this problem led to a search for other characters 
differentiating dulcis from humilis; for the repetition of other dulcis characters in 
this specimen would have confirmed its separation from humilis, notwithstanding 
the improbability of a new species coming so unexpectedly to light. This led to 
the preparation of a schedule of some sixty worm snake characters (many of 
which later proved to have little signficance) and the checking of a number of 
specimens with respect to each of these characters. Gradually it became necessary 
to widen the scope of the inquiry, for each conclusion in turn disclosed new 
problems; until finally it appeared advisable to survey all the species of Leptoty- 
phlops allied to L. dulcis and L. humilis in the United States, and northern and 


central Mexico. 
In the latter territory there is an overlap with forms not belonging to the 


dulcis-humilis complex, such as L. phenops, L. bakewelli, and possibly other 


1 Taylor, 1939, p. 1; Stejneger and Barbour, 1939, p. 93. 
2 Van Denburgh and Slevin, 1913, p. 409. 
3 Stejneger, 1891, p. 501; Klauber, 1931, p. 335. 
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species allied to L. albifrons. The albifrons group is largely tropical, being found 
in greatest profusion in Central and South America; it falls beyond the scope of 
the present paper, although a brief survey was made of these tropical forms in 
order to become familiar with their characteristics. There are non-albifrons worm 
snakes of the genus Leptotyphlops in South America—septemstriatus and 
macrolepis, for example. Whether additional material will eventually show these 
to be linked with the dulcis-humilis group in North America I cannot say, 
although the similarity of one of the Mexican forms to another in South America 
suggests such a possibility. At present there is a considerable territorial gap 
between the two non-albifrons groups, for the southern limit of the dulcis-humilis 
complex is at about Lat. 17° N., where maximus is found, and non-albifrons 
snakes have not yet been collected anywhere in Central America. 

While albifrons forms occur on both Mexican coasts as far north as Lat. 19° 
N., so that there is a wide territorial overlap between the dulcis-humilis and 
albifrons groups, there is little difficulty in segregating them, since the two have 
several differences, amongst which may be listed the following: 


Albifrons GRouP Dulcis-humilis GRouP 


Supraoculars attenuated, about twice as 
long as wide, larger than the prefrontal 
or frontal (fig. 3). 

A conspicuous and sharply contrasting 
white spot on the snout and on the tail 
tip. 

Dorsal scales usually light-edged, pro- 
ducing longitudinal light lines on a dark 
brown background. 

Ventral surface darkly pigmented with 
brown and often with longitudinal light 
lines. 


Supraoculars, if present, lunar in shape, 
about the same size as the prefrontal 
or frontal (fig. 4). 

No sharply contrasting white spot on 
the snout or tail tip. 


Dorsal color from dark brown to white, 
but without longitudinal light lines. 


Ventral surface tan, pink, or white, 
with little or no dark pigmentation. 


I think that, although an occasional form may deviate from this schedule 


with respect to one of these characters, enough will remain apparent to render 
segregation easy, at least in Mexico. Further south, in Central and South 
America, and in the Caribbean islands, there may be species which do not so 
clearly fall either into the albifrons or the dulcis-humilis group. Possibly a third 
group, or subgenus, is involved. 


LIST OF SPECIES AIND SUBSPEGIES TREATED 


I now return to the dulcis-humilis group, as found in the southwestern 
United States and northern Mexico, to which the present study is limited. I 
recognize as valid the following species and subspecies: 


A. With supraoculars 
Leptotyphlops dulcis dulcis (Baird and Girard) , 1853 
Leptotyphlops dulcis myopicus (Garman) , 1883 
Leptotyphlops dulcis dissectus (Cope), 1896 
Leptotyphlops maximus Loveridge, 1932 
Leptotyphlops bressoni Taylor, 1939 
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B. Normally without supraoculars 
Leptotyphlops humilis humilis (Baird and Girard) , 1853 
Leptotyphlops humilis dugesii (Bocourt) , 1881 
Leptotyphlops humilis tenuiculus (Garman), 1883 
Leptotyphlops humilis slevini Klauber, 1931 
Leptotyphlops humilis cahuilae Klauber, 1931 
Leptotyphlops humilis utahensis Tanner, 1938 
Leptotyphlops humilis segregus Klauber, 1939 


I would place the following in synonymy: 
Stenostoma rubellum Garman, 1883: synonym of L. d. dulcis. 


HISTORICAL TAXONOMIC SUMMARY 


The genus Leptotyphlops was established in 1843 by Fitzinger (Systema 
Reptilium, p. 24), on the South African species nigricans. The snakes of the 
family Leptotyphlopidae, usually called worm snakes, differ from the blind snakes 
of the family Typhlopidae in that the former have teeth in the lower jaw only, 
while the latter have only maxillary teeth. The worm snakes are widely dispersed 
in Africa, southwestern Asia, and the Americas. 

Of the American forms coming within the scope of the present paper, the 
first was described by Baird and Girard in 1853 (Cat. N. Amer. Rept., Pt. 1, p. 
142). They set up the new genus Rena for the species dulcis and humilis; thus 
Rena was broad enough to include snakes both with and without supraoculars. 

In 1857, Peters (Monatsber. Acad. Wiss. Berlin, p. 402), when describing 
two new South American species, considered Rena a synonym of Stenostoma, 
although he did not mention the Baird and Girard species by name. Stenostoma 
had been set up by Wagler in Spix, Serp. Bras., 1824, p. 68, for the species 
albifrons. 

In 1890, Boulenger (Fauna of British India, 1890, p. 243) showed that 
Stenostoma was preoccupied, as was also Catodon Dumeéril and Bibron, 1844, 
which French herpetologists had employed for this genus of worm snakes. 
Boulenger therefore returned to the genus Glauconia of Gray, 1845, genotype 
nigricans. 

In 1891, Stejneger (Proc. U. S. Nat. Mus., Vol. 14, p. 501) pointed out 
that Leptotyphlops of Fitzinger, 1843, was two years older than Glauconia, and 
therefore should take precedence over the latter. However, he applied Leptoty- 
phlops only to the species with supraoculars, returning humilis to Rena of Baird 
and Girard, 1853. Wan Denburgh in 1897 (Occ. Pap. Calif. Acad. Sci., 5, p. 
150) considered Rena inapplicable to the snakes without supraoculars, since it was 
first applied (by page priority) to dulcis; he therefore adopted Siagonodon of 
Peters, 1881, genotype septemstriatus of South America, for this group. Bocourt 
had used Siagonodon for a Mexican form without supraoculars (dugesii), as 
early as 1882. 

In 1907, Ruthven (Bull. Am. Mus. Nat. Hist., Vol. 23, Art. 23, p. 573) 
stated that he did not feel dulcis and humilis to warrant generic differentiation 
and placed both in the genus Leptotyphlops. Since then this view has had 
increasing adherence among herpetologists, and is now almost universally adopted. 
The writer suggested in 1931 that the presence or absence of supraoculars might 
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be given subgeneric recognition, those without supraoculars being referred to the 
subgenus Siagonodon. 


The following is a brief chronological outline of the specific names which 
have been applied to the worm snakes of the United States and northern 
Mexico: 


Dulcis was the first species described; this was based on a specimen in the 
Smithsonian Institution (No. 7296) collected on the Mexican Boundary Survey, 
by J. H. Clark, and sent in by Col. J. D. Graham. Neither the exact date nor 
the locality of collection is known; the latter is given as between San Pedro and 
Comanche Springs, Texas. The description, by Baird and Girard, appeared in 
January, 1853, in their “Catalogue of the North American Reptiles in the 
Museum of the Smithsonian Institution. Part I—Serpents” at page 142. 


In the same paper (p. 143) appeared the description of humilis, founded 
on a specimen (No. 2101) collected by Dr. John L. Le Conte at “Valliecitas,” 
California, in 1850. The actual type locality is doubtful (Klauber, 1931, psoas); 
the color of the specimen indicates that it came from the coastal, rather than the 
desert side of the mountains. 


The first specimens to come from beyond the presently assigned ranges of 
dulcis dulcis or humilis humilis were humilis from the vicinity of Yuma, Arizona, 
and from the Cape Region of Lower California, as mentioned by Cope (1861, 
p- 305). The Yuman specimens were probably those which have since been 
assigned numbers 12064 and 12065 in the collection of the Academy of Natural 
Sciences of Philadelphia; the latter are a pair in the U. S. National Museum 
(No. 5292), collected by John Xantus at Cape San Lucas, Lower California. 
In 1931 the present writer assigned the subspecific name humilis cahuilae to the 
Yuman form, and h. slevini to that from the Cape, using, however, more recently 
collected specimens as the types (Klauber, 1931, p. 338). 


In 1879, in his Eleventh Contribution to the Herpetology of Tropical 
America (Proc. Am. Philos. Soc., Vol. 18, p. 262), Cope listed a specimen of 
humilis from Batopilas, Chihuahua, collected by Dr. Edward Wilkinson. This 
was the first mention of this species in mainland Mexico. Two years later, F. 
Bocourt, in Bull. Soc. Philom. (7) 5, p. 81, described this Mexican form as 
Catodon Dugesii, founded on a specimen collected by Dr. Alfred Dugés in 


Colima, Mexico. I now consider this to be a valid subspecies, L. humilis dugesit. 


In 1883, Garman (Mem. Mus. Comp. Zool., Vol. 8, pp. 5-6) described 
three new species of worm snakes, following his study of the material in the 
Museum of Comparative Zoology at Harvard University. These were Steno- 
stoma rubellum, S. tenuiculum, and S. myopicum. Rubellum, type MCZ 4584, 
collected by Dr. Edward Palmer at Uvalde, Uvalde County, Texas, in 1880, is 
clearly a synonym of dulcis Baird and Girard, 1853; it was described by Garman 
as a result of misinformation on the type of dulcis. Tenuiculus is founded on 
MCZ 4519 collected by Dr. Edward Palmer in San Luis Potosi, Mexico, in 
1879. It is without supraoculars and therefore allied to humilis, of which recent 
herpetologists have considered it a synonym. 


4 Stejneger, 1891, p. 501; Taylor, 1939, p. 4. 
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Garman’s third species was myopicus, the first North American species 
having a split anterior supralabial to be described. The cotypes are three in 
number (MCZ 4526) collected by Dr. Edward Palmer, at Savineto, near 
Tampico, Tamaulipas, Mexico, in 1879. 

Cope in 1894 (Am. Nat., Vol. 30, p. 753) described an allied subspecies 
under the name Glauconia dissecta, from a specimen in the collection of the 
Philadelphia Academy, collected at the silver mines near Lake Valley, Sierra 
County, New Mexico. While currently considered synonymous with myopicus, 
I find the specimens from New Mexico and farther north to show some differences 
from those from Mexico, leading to the reinstatement of dissectus as a 
separate subspecies. Cope had listed this type specimen (which he himself 
collected) as early as 1883, under the name Stenostoma dulce, probably the first 
mention of a snake of the genus from New Mexico. 

Nearly forty years elapsed before additional forms came to light or were 
recognized. In 1932 Loveridge (Proc. Biol. Soc. Wash., Vol. 45, p. 151) 
described maximus, based on four specimens (MCZ 33,604-7) collected by 
W. W. Brown in 1932 at Chilpancingo, Guerrero, Mexico. 


Specimens from Utah were first reported by Tanner in 1935, as Siagonodon 
humilis; in 1938 (Proc. Utah Acad. Sci. Arts and Letters, Vol. 15, p. 149), he 
described these as a new subspecies, utahensis. The type specimen, BYU 662, 
was collected at St. George, Washington County, Utah, by V. M. Tanner and 
A. Paxman, April 28, 1938. 

Two new forms were described in 1939. The first is L. bressoni Taylor, 
founded on a unique specimen in the Taylor-Smith Collection (No. 5247) 
collected by J. R. Bresson at Hda. El Sabino, Uruapan, Michoacan, Mexico. The 
second is segregus, described by the writer to cover the eastern form of humilis, 
having only 10 scale rows around the tail. The type is USNM 103,670, collected 
on Chalk Draw, Brewster County, Texas, August 11, 1936, by T. F. Smith. 
The first Texas specimen without supraoculars mentioned in the literature was 
AMNH 8596, collected by Major Chapman Grant at Fort Clark, Kinney 
County, (Schmidt, 1922, p. 683). Segregus-humilis intergrades from Tucson 
were listed in catalogues even earlier; but, as this is an area of intergradation 
between humilis and segregus, it is impossible to determine the first mention of a 
pure segregus from that vicinity. 


SCALE NOMENCLATURE 
(Figs. 1 to 8) 


While there have been no extensive differences of opinion concerning the 
nomenclature to be applied to the scales of Leptotyphlops, there are some which 
require definition, since authorities have not always agreed on consistent appella- 
tions. 

In the following discussion the dorsal scale count has been taken as beginning 
with the prefrontal and concluding with the scale just anterior to the tail spine. 
Similarly, the subcaudals begin with the first scale in the mid-ventral row, posterior 
to the anal, and conclude with the scale anterior to the terminal spine. 


The scales of the supralabial series are normally in the following order: 
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(1) a nasal (or an inferior nasal, if the nasal be divided by a suture through the 
nostril, as is usually the case) ; (2) an anterior supralabial; (3) an ocular; (4) 
a posterior supralabial. In some forms, as, for example, myopicus, hecont an 

macrolepis, the anterior supralabial is aided vertically, and it has been customary 
to refer to the two halves as two supralabials, which, of course, they are. 
However, this causes the posterior supralabial to become the second in some 
forms and the third in others. Also, this numbering is confusing, in that the 
inferior nasal and the ocular are also supralabials; indeed they are sometimes 
called naso-labials and oculo-labials. I think it best to consider the true supra- 
labials as anterior and posterior, and to refer to the anterior in such forms as 
myopicus, macrolepis, and their relatives as being split, or divided vertically, into 
a first and second half (fig. 5). Thus the condition of the anterior supralabial 
does not affect the terminology of the posterior. 


The mid-dorsal series, beginning with the first scale back of the posterior tip 
of the rostral, comprises successively: (1) a prefrontal; (2) a frontal; (3) an 
interparietal; and (4) an interoccipital. Although I employ the customary 
nomenclature for these scales, it should be pointed out that some confusion may 
result from the fact that the so-called frontal is really between the parietals, and 
the interparietal often has a more extensive contact with the occipitals than with 
the parietals. 

The first large scale posterior to the ocular on each side has been variously 
referred to as a parietal, an anterior parietal, or a postocular; and the second 
large scale as an occipital or a posterior parietal. I prefer the terms parietal for 
the first, and occipital for the second, as being least confusing. If a scale inter- 
venes between the parietal and the posterior supralabial (as in bressoni) it should 
be called a postocular (fig. 6). The scale which is normally between the occipital 
and the posterior supralabial is the first temporal. If the scales posterior to the 
occipitals are enlarged they are referred to as postoccipitals. 

As E. H. Taylor has pointed out (1939, p. 6) it is necessary to open the 
mouth to see the true posterior infralabials, because of the overhang of the upper 
jaw. In any case, the scales on the lower jaw, including the mental and infralabials, 
are so small and with such faint sutures, that they are counted with difficulty. 


DIFFERENTIAL CHARACTERS 


Before discussing the species and subspecies into which the dulcis-humilis 
group may be divided, I desire to present certain general data on the differential 
characters which may be used in segregating the several forms. The problems 
of classification in the worm snakes of the family Leptotyphlopidae are quite 
different from those involved in most other families, such as the Colubridae and 
Crotalidae, with which we are accustomed to deal. The scale formulas and 
arrangements in the worm snakes are relatively simple; the lack of formal pattern 
and diversity of color, the cylindrical shape, and the small size all tend to reduce 
or obscure the differences between species. 

The characters which may be found useful in classification are as follows: 

A. Size 
B. Body proportions 
1. Ratio of length to diameter 
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2. Ratio of length over-all to tail length 
C. Scale series which can be counted 
1. Scale rows around body 
2. Scale rows around tail 
3. Number of scales in the median dorsal row 
4. Number of subcaudals 
D. Presence or absence of specific scales; division of scales; contacts or ar- 
rangements between scales; relative sizes and configurations of scales 


E. Pattern and color 


While worm snakes are not particularly rare, and, in fact, may be quite 
common in many places, they are so small and secretive that they are not well 
represented in most herpetological collections. Large homogeneous series, 
therefore, from restricted areas are not usually available. Hence we are often 
handicapped in determining the value of differential characters by an inability 
to secure adequate series wherewith to test the extent of intraspecific variation and 
dispersion, upon which we must base the validity of species differences. For it 
must be obvious that we cannot judge the significance or importance of apparent 
differences between a pair of hypothetical species or subspecies, unless we have 
some knowledge of the extent of variation to be found within each species 
separately. If we do not have these data, what are at first supposed to be important 
differences between species, or between subspecies occupying separate ranges, may, 
with more adequate material, be found to be within the range of variation of a 
single homogeneous population; that is, the supposed distinctions may be only 
the result of the chance differences between the first samples available to us. 


I have been fortunate in securing a few fairly good series (50 or more 
specimens) from two or three restricted areas, within which the constancy of 
ecological conditions should lead one to expect no racial variations, even in so 
small and slow moving a form as Leptotyphlops. Dispersion studies have been 
made in these groups and from these we may assign certain weights to the 
differential characters, based on their variations within the homogeneous groups. 
We cannot, of course, be sure that the same characters will have the same degrees 
of variation in other species; nevertheless in other families and genera (the 
rattlesnakes for example) it has been found that there is considerable constancy 
in the relative dispersions of characters throughout a genus. For example, in a 
number of species and subspecies of rattlesnakes the coefficients of variation of 
several characters were found to fall within the following rather narrow ranges: 


Coefficient of Variation 


Character in Per Cent 
Scale rows 20k ton al 
Ventrals 1.7 to 3.0 
Subcaudals 5.7 to 9.3 
Supralabials 5.6 to 6.6 
Infralabials 5.6 to 6.6 
Body blotches 5.9 to 8.6 
Tail rings 12.2 to 22.8 


If two forms of rattlers are to be differentiated, of which few specimens are 
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available, we may not be justified in assuming a coefficient of variation in any 
character wherewith to check the significance of the differences; yet certainly 
this table, resulting from studies of large series of the more common species, 
would lead us to place more dependence on ventral differences than in tail rings, 
for the latter are shown to have a relatively wider dispersion. Similarly, in the 
worm snakes, a study of a few common forms may afford a useful measure of 
the probable validity of differences between the rarer species. 


One handicap of the student of the worm snakes lies in the difficulty of 
ascertaining the sex of each specimen, this being usually so difficult that sex 
differentiation must be neglected. In other families, tail-length ratios, ventrals, 
subcaudals, and often other characters, are sexually dimorphic; so that intra- 
specific dispersions are reduced when the sexes ate segregated. This division 
cannot be made in studying the worm snakes. I do not know whether body 
proportions, or dorsal or subcaudal scale counts, are different in male and 
female worm snakes. Possibly some of the dispersions which we find would be 
reduced if such a sexual segregation could be made. 


Another worm snake difficulty is inherent in their small size, which makes 
the accurate counting of scales difficult. This is particularly the case where the 
scales are light colored and shiny, or where the specimen is poorly preserved. I 
have no doubt that some of the dispersions which we find result from simple 
inaccuracies in the data. 


We now return to a discussion of the several differential characters pre- 
viously mentioned. 


Size 

Although there is no question as to the considerable differences in the sizes 
of worm snake species, this is not a particularly useful character, in segregating 
closely related forms, for, unless large series are available, we cannot be sure 
that we have a good idea of the maxima and minima. We cannot readily 
distinguish juveniles from adults, so that average adult sizes are difficult to 
determine, except in large homogeneous series. 


The largest American species, as far as now known, is L. humilis. This 
reaches a maximum in the desert subspecies L. h. cahuilae, in which specimens 
exceeding 350 mm. are not unusual and one measuring 389 mm. has been noted. 
On the desert slope of the Peninsula Range in southern California intergrades 
which have some characteristics of both L. h. humilis and L. h. cahuilae attain 
a length of at least 325 mm. In western Texas L. h. segregus reaches 320 mm. 
at least. Neither dulcis nor dissectus is so large. 


Body Proportions 


The ratio of the body length over-all to the diameter, and of the body to the 
tail length, are useful characters, but they must be employed with caution. The 
difficulty of accurate sexing renders it impossible to eliminate the effect of sexual 
dimorphism if there be any; and we must be wary of both intraspecific dispersion 
and ontogenetical variation. Care must be taken that the method of preservation 


KLAUBER—WORM SNAKES 99 


used on the several specimens has not differed to such an extent as to affect the 
data, particularly the body diameter. 

To determine the extent of intraspecific dispersion and ontogenetical 
variation in a typical worm snake we take, as an example, the coastal-slope 
specimens of L. h. humilis from San Diego County, apparently a homogeneous 


series. 
We have the following data on the ratio of body length to diameter: 


Number of 
Limiting Ratios Specimens 
Under 45 

45 — 50 11 
50-55 i 
5D) 60 13 
60 — 65 9 
6): —70 2 
Over 70 1 
52 


Thus we see that the range 45 to 65 covers most of the specimens; the few 
falling outside of this range may result from inaccurate measurements ot distor- 
tion in preservation. We would not go far wrong in saying that this subspecies 
averages about 55, that most of the specimens will fall within ten points on either 
side, and that half the specimens will fall between 50 and 60. 

Some of my correspondents have expressed doubt as to the value of this 
character in differentiation, because of the obviously high intrasubspecific varia- 
tion. In the San Diego specimens (using adults above 200 mm. only) the 
coefficient of variation of the ratio was found to be 11 per cent. Assuming that 
this is a fair value derived from homogeneous populations, with specimens well 
preserved and carefully measured, and that the dispersion of the ratio is 
‘approximately normal, what difference must be shown between the means of 
two samples in order that the difference may be considered significant, is being 
further agreed that the significance level is taken at P=0.05? 

We find that, with 10 specimens of each form available, if one form 
averages L/D=50, the average of the other must be about 6 higher or lower, 
that it, the mean of the second species must be less than 44 or more than 56 to 
be significantly different. If about 25 specimens of each form be available and 
the ratios are about 50, then one must be at least 3.3 greater or less than the 
other to be significant, at the level specified. This gives an idea of the differences 
which must be in evidence to demonstrate significance. Of course, if the 
coefficients of variation in this character tend to run higher than 11 per cent, then 
larger differences must be evident before significance (at the level of P=0.05) 
would be indicated. With moderately plentiful specimens, say above 20 adults 
of each form, this character is well worth investigation. Undoubtedly there are 
often real differences between species of Leptotyphlops and occasionally even 
between subspecies. However, if few specimens are available the ratio is of little 
practical use, unless the mean difference between the samples be very wide. Since 
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there are likely to be ontogenetical variations in any ratios of this type, only 
adults should be used in the comparative statistics. 


For example, in the San Diego County humilis humilis, if we plot, on 
rectangular co-ordinates, diameter against body length, we find that the regression 
line seems to be parabolic, rather than straight, the x° term being positive. Thus, 
speaking ontogenetically, larger specimens tend to be somewhat thicker propor- 
tionately than younger specimens; worm snakes become somewhat less attenuated 
as they age. The scatter is such that I would hesitate to put the relationship into 
mathematical terms until at least 200 or more specimens become available from 
this area. 

With regard to the tail length, in the same collection of San Diego County 
humilis, the dispersion of the ratio of the length over-all to the length of the 
tail is indicated by the following table: 


Number of 

Limiting Ratios Specimens 
Under 16 1 
16-18 >) 
18 — 20 7, 
2022. 19 
D4. 9 
Over 24 3 
54 


We see that over half the snakes fall between 18 and 22. The coefficient 
of variation is found to be 9.5 per cent. This gives an idea of the deviation which 
would have to be shown between two species to indicate a significant difference. 
In the direction of the regression line, there is an indication of a slight reduction 
of proportionate tail length with growth. 


Scale Series 


The scale rows around the body are constant at 14 in the American forms 
of the genus as presently known. Any deviate is likely to be merely a freak. 
Only one (with a count of 13) was found in over 400 specimens, this being a 
humilis-cahuilae intergrade, a peculiarly variable group. 

The number of scale rows around the tail has proved to be a useful 
character, permitting the segregation of forms hitherto thought alike. In any 
specific area the constancy of this character seems demonstrated, intergradation 
having been found only between two subspecies in Arizona. In the group here 
studied there are always either 10 or 12 scale rows around the tail; if the former 
be the case, there is another, possibly countable character, in the number of scales 
in advance of the anus at which the first reduction from 14 to 12 takes place. 
The second reduction seems always to be effected at the base of the tail. 


The number of scales in the median dorsal row is probably the most 
important single character. In American Leptotyphlops the variation is from 
about 200 to 330. Except in the smallest specimens, or those which are badly 
dried out, the count can be made with fair accuracy; several observers will rarely 
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differ by more than a scale or two. It is best to standardize on the prefrontal 
as the first scale to be counted, and stop with the last flat scale anterior to the 
tail spine. Tiny pins will be found useful in marking stations along the way, 
so that if the count be lost one will not have to return to the beginning. 


The subcaudals are not as easy to count, although, being so limited in 
number, they take but a moment. However, they are difficult to see, if the tail 
is colorless, as is so often the case; and occasionally there is a scale at the beginning 
or end of the series, the inclusion of which will be doubtful. In particularly 
important cases the specimen may be brushed lightly with the point of an 
indelible pencil and then wiped with a cloth. The purple color will follow the 
scale boundaries and make them clearly evident; it will disappear when the 
specimen is returned to the preservative. 


The extent of the dispersion of these two scale characters is indicated by 
the following statistics of the three largest available geographically-concentrated 
series, namely: (1) cismontane humilis humilis from San Diego County; (2) 
transmontane humilis from San Diego County (these are either cahuilae or 
humilis-cahuilae intergrades) ; and (3) dulcis dulcis from Bexar and Atascosa 
Counties, Texas. 


TRANS- 
CISMONTANE MONTANE TEXAS 
CHARACTER humilis humilis dulcis 
Number of specimens 56 40 28 
Dorsals 
Extreme range 257-283 280-305 209-247 
Interquartile range 267.8-276.2 289.5-297.5 223.1-237.2 
Mean? 271.98=0.83 293 .50=-0.93 230.141.98 
Standard deviation 6.21 5.88 10.48 
Coefficient of variation, Yo 2.28 2.00 4.55 
Subcaudals 
Extreme range 15-21 15-21 13-17 
Interquartile range 16.9-18.8 16.4-18.3 13.9-15.4 
Mean? 17.86=0.20 17.34=-0.24 14.67+0.21 
Standard deviation 1.41 1.46 1.07 
Coefficient of variation, Yo 7.90 8.42 7.29 


Neglecting for the moment the dorsals of the Texas group, we find that 
dorsals and subcaudals have coefficients of variation somewhat similar to those 
found for ventrals and subcaudals in the rattlesnakes. Similar percentages occur 
among representative colubrines, although in the latter family the subcaudals 
are likely to show even lower coefficients of variation (especially after segregating 
the sexes), since the tails are longer and more functional than among the rattlers 
and worm snakes. For example, in a large series of Lampropeltis getulus califor- 
niae from San Diego County the coefficient of variation of the subcaudals was 
about 51 per cent, a lower figure than that of the rattlers or worm snakes; but 
the king snake ventrals had a coefficient of about 2.1 per cent, substantially the 
same as the rattlers and worm snakes. 


Thus we have, in the dorsals and subcaudal scales of the worm snakes, two 
useful characters—especially useful because they are countable and therefore not 


5 The use of the sign = rather than -+ indicates that the following figure is the 
standard and not the probable error of the mean. 
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subject to personal differences of interpretation. Also, they may be handled 
statistically and we may compute, rather accurately, the significance of the 
difference between any two groups; that is, the likelihood that any observed 
difference results merely from the chance composition of the samples available, 
rather than from a real. difference between the populations which the samples 
are presumed to represent. But, of course, any proof of difference does not 
automatically indicate whether the difference is subspecific, specific, or generic; 
these are ill defined terms, and the final application of the ascertained difference 
rests with the temperament of the worker. With large series, especially in the 
case of snakes and lizards, which have so many countable (rather than measur- 
able) characters, it is easy to find many differences between geographically 
separated populations, which differences are real and definite but do not warrant 
nomenclatorial recognition by subspecific separation. But they are interesting in 
demonstrating the presence of trends and incipient speciation. Small samples 
require relatively much larger differences to prove that the observed deviations 
are not to be attributed to chance. 


The actual use of the dorsals and subcaudals, in determining the validity 
of differences between worm snakes, may be illustrated by employing the statistics 
already given. The dispersions are unimodal and, in fact, substantially normal, 
so that we can use the simple formula involving the ratio of a difference to its 
standard error, interpreting the result in terms of the probability that the basic 
populations are the same or different. 


We find that, with respect to the two San Diego County subspecies, their 
difference in mean dorsal scale counts is highly significant, while that of the 
subcaudals is not, there being about 9 chances in 100 that the difference in the 
latter merely results from the particular composition of the samples. But the 
difference between the subcaudals of the cismontane snakes from San Diego 
County and those from Texas is highly significant, for there is less chance than 
one in a million that so large a difference could be found in two samples of this 
character selected at random from the same population.6 Thus it is indicated, 
with these examples of dispersion in specific forms, that the dorsal and subcaudal 
scale counts in the worm snakes have a value in separating species or subspecies, 
on a par with similar characters in better known families. 


It will be observed that I have neglected the dorsal scale counts of the Texas 
specimens from Bexar and Atascosa Counties. I am disturbed by the high value 
of the coefficient of variation shown in this character—so much higher than the 
same coefficient determined from the San Diego specimens. This is even evident 
in the difference of the extremes, 247—209=38, as compared with extreme 
differences of 28 and 25 in the two San Diegan groups. I do not consider 
extremes of great importance, since they result too often from individual 
abnormalities, or even simple miscounts; nevertheless, in this instance they show 
the same tendencies as the much more important measures involved in the 
standard deviations and coefficients of variation. 


6 The number of specimens in the Texas sample is rather small for the use of this 
simple formula; but the difference is so great that the probability is only slightly changed 
by using the more accurate ¢-test, which is necessary when the samples are small. 
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This peculiarity in the Texas specimens cannot result from ecological 
variations, for the cismontane snakes in San Diego County are subject to much 
greater differences than exist in these two Texas counties. Furthermore, the 
same situation holds in another pair of Texas counties, and in Texas as a whole; 
although the latter case, because of the great area thus included, might be 
attributed to geographical variation. We have the following statistics, the Bexar- 
Atascosa figures being repeated for the sake of clarity: 


BExar- BosQuE- 
ATASCOSA McLENNAN ALL 
CHARACTER CouNTIES COUNTIES TEXAS 
Number of specimens 28 29 108 
Dorsals 
Extreme range 209-247 213-241 207-255 
Interquartile range 223.1-237.2 217.5-228.7 221.1-234.6 
Mean 230.14 1.98 223 10==SihoD 227.84 =0.96 
Standard deviation 10.48 8.36 10.01 
Coefficient of variation, % 4.55 3.75 4.39 
Subcaudals 
Extreme range 13-17 12-16 12-17 
Interquartile range 13.9-15.4 13.8-15.2 13.8-15.3 
Mean 14.67=0.21 14.50=-0.20 14.56=-0.11 
Standard deviation 1.07 1.04 1.11 
Coefhicient of variation, Yo 7.30 WA 7.63 


Thus we see that the dispersion of the dorsals is consistently high in Texas 
dulcis as compared to San Diego County humilis. Comparisons with other 
smaller groups of worm snakes from several areas seem to bear out the same 
conclusion. The dispersion of the dorsals in the Texas specimens is higher 
than is to be expected unless this species is unaccountably variable in this area. 
The other obvious possibility—that there are really two species which are being 
confused, because of their external similarity—has been canvassed without result. 
I have looked for differences between the snakes having the highest and lowest 
dorsal counts, thus far in vain. A correlation between size and dorsal scale 
counts showed promise, but eventually broke down; most, but not all, of the 
largest specimens have dorsal counts well above the average. Despite the negative 
results, I am not convinced; I think that some future observer may find that there 
are really two species of worm snakes in Texas, at present lumped into the single 
subspecies L. dulcis dulcis. 


As to the shape of the frequency distributions of dorsals and subcaudals, 
the Texas series of dulcis dulcis is the only one from which even the most tentative 
decision may be drawn. The dorsals are too scattered, however, to draw a 
conclusion with any certainty; the distribution seems to be platykurtic, but not 
definitely skewed. This may be a significant hint with respect to the answer to 
the question previously raised as to the possibly composite character of the 
subspecies. 

The subcaudals of these Texas specimens have the following distribution: 
12-2, 13-18, 14-32, 15-33, 16-20, 17-3, the first number in each case being the 
number of subcaudals, and the second the frequency of occurrence of that number. 
This is probably a normal distribution, as shown by a chi-square test; using the 


104 SAN Drseco Society oF Natura. History 


ordinate method, as appropriate for discrete variates, the result is P=0.56, or 
more than an even chance that a distribution as divergent from normal as this 
sample, might have been drawn from a normally distributed population. 


Scale Configurations 


In spite of the simplicity of the scale arrangements in these worm snakes, 
a large number of modifications, and combinations of such modifications, are 
possible. Scales may be present or absent; some may be sutured; there may be 
unusual arrangements or contacts; changes in relative sizes and configurations may 
be evident. It is the purpose of this discussion to point out the repetitious 
character of some of these modifications, amongst forms only remotely related, 
the frequency of aberrants, and the possible effect of these conditions on the 
validity of newly described species and subspecies. Again we have, first, the 
statistics of the significance of differences, followed by the individual and personal 
interpretation of those differences into taxonomy. 


I have already mentioned the presence of supraoculars in a specimen of 
L. humilis cahuilae (LMK 28,839) a subspecies which is supposed to have none. 
Another specimen (LMK 30,567) has a supraocular on the left only. This is a 
most important scale, upon whose presence or absence taxonomic decisions are 
made, and thus it is shown to be not always true to form. Another important 
character is the vertical splitting of the anterior supralabial which characterizes 
myopicus and dissectus. This is repeated in Venezuela in macrolepis, and in 
bressoni in Mexico. The contact between the anterior and posterior supralabial 
which characterizes bilineatus of the Lesser Antilles occurs on one side of a 
specimen of humilis from Cedros Island in the Pacific. The presence of a 
postocular, preventing the contact of the parietal with the posterior supralabial, 
which is characteristic of bressoni, is also evident on one side of a specimen of 
segregus. A specimen of dissectus from near Tulsa has a split interoccipital; 
this is characteristic of utahensis. In one of a pair of specimens of phenops from 
Tehuantepec the rostral is fused to the frontal, as in bakewelli, but the other is 
without this fusion. A dulcis-myopicus intergrade from Cerro Potosi, Nuevo 
Leon, has a suture in the forward part of the ocular, which is the beginning of a 
second anterior supralabial; this is the character upon which Brongersma described 
L. thlei, a relative of macrolepis from Surinam. Various other fusions are occa- 
sionally evident. Thus in LMK 31,849, from Scissors Crossing in San Diego 
County, the anterior supralabials are fused to the oculars, which in turn meet on 
the mid-dorsal line. In another, from the same area, the nasals contact between 
the rostral and prefrontal on the mid-dorsal line. A specimen of dulcis has the 
lower nasal divided vertically at the nostril, while another has an extra pair of 
scales between the rostral and prefrontal. 


Similarly there are to be noted, even within a subspecies, considerable varia- 
tions in scale configurations, such as the shape of the ocular and the position of 
the eye; the height of the anterior supralabial relative to the eye; the location 
of the posterior tip of the rostral relative to the eye; the size and shape of the 
anterior supralabials; the shape of the supraoculars; and the relative sizes of the 
first four scales in the mid-dorsal series. 
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But with all these abnormalities and repetitions, in forms which are only 
distantly related, of peculiar contacts and arrangements, I would not be under- 
stood as minimizing the validity of these characters in distinguishing and 
segregating species and subspecies. I wish merely to point out that it is hardly 
safe to segregate a new form premised on a single character in one specimen. 
It is much better to wait until several specimens are available to see whether 
the character is consistent within a certain area. And if the character is not 
universally present in the new form, its importance should be demonstrated by 
the use of a contingency table. If several differences from the nearest relative 
can be found in a single specimen, then it 1s much safer to describe such a form 
as new. 


Pattern and Color 


While the worm snakes usually lack the variegated and brilliant patterns 
and colors typical of so many snakes, nevertheless there are specific and sub- 
specific differences, some of a high degree of consistency, so that color and pattern 
may be of importance. In the albifrons group, for example, we have the 
characteristic longitudinally striped dorsum and the white spots on head and tail. 
The latter vary markedly in position and extent, and such variations may be 
of subspecific importance. 


The dulcis-humilis colorations are not so striking, yet they are of equal 
importance in separating species and subspecies. Usually both the hue and the 
number of dorsal scale rows to which it is applied are involved; for in some 
forms only 5 rows are affected, while in others this increases to as many as 9, 
although 7 is more general. The dorsal color may vary from dark brown through 
gtay to cream or white. There may be a strong or a weak contrast between the 
dorsal and ventral colors; and there may be a sharp or a gradual transition from 
the one to the other. The ventral color is usually buff, cream or white, although 
brown spots are sometimes present on the chin-shields and anal plate. 


These color notes are only applicable to preserved specimens. Live speci- 
mens are so transparent that they all have a pinkish or purplish cast, differences 
which are very apparent after preservation being hardly noticeable. So, in color 
studies, the worm snakes are better considered preserved than alive; while the 
contrary is true of most other families, since preservation quickly removes certain 
bright colors, particularly the reds and yellows. With worm snakes, although 
the preservative has a tendency to bring out important color differences which 
otherwise would not be apparent, it is desirable to have a uniform method of 
preservation, so that comparisons can be fairly made. Also, it is necessary with 
these snakes, as with others, to store them in the dark to avoid fading. 


As an example of the effect of preservative in accentuating color differences, 
we take typical specimens of L. h. humilis and L. h. cahuilae, alive and preserved. 
The colors referred to are those of Ridgway, 1912. A glance at the color plates 
will show the lack of contrast between dorsum and ventrum, and also between 
the dorsal colors of humilis and cahuilae in life, and the correspondingly strong 
contrasts after preservation. 
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BEFORE PRESERVATION 


Humilis Cahuilae 

Dorsum Indian purple Light purplish 
vinaceous 

Ventrum Pale vinaceous Pale brownish 
lilac vinaceous 

AFTER PRESERVATION 
Dorsum Natal brown Pale olive buff 
Ventrum Tilleul buff Between pale olive 


buff and white 


PROBLEMS INVESTIGATED 


The present investigation was undertaken primarily with a three-fold pur- 
pose: To determine the possibility of dulcis and humilis being a single species, 
as suggested by the finding of specimens with supraoculars in San Diego County; 
to investigate the relationship of dulcis and myopicus (or dissectus) ; and, finally, 
to study the validity and relationships of some of the subspecies which have been 
proposed. 


Dulcis-humilis Relationship 


Worm snakes are found both with (dulcis) and without supraoculars 
(humilis), from southeastern Arizona eastward to the vicinity of Fort Clark, 
Texas. In fact, dulcis has been reported to occur both at Yuma and Tucson, 
Arizona, but the specimens upon which these records were based are no longer 
available. However, specimens of both forms are now at hand from various 
points along our southern border from the Huachuca Mountains of Arizona 
to Fort Clark, in western Texas. 


Were there specimens of both forms, retaining all of their respective 
differences, available from exactly the same localities, we might consider proof 
of specific separation to be demonstrated. Unfortunately such individuals are 
not yet at hand. However, both forms are available from points about 50 miles 
apart in southeastern Arizona; and, in the Big Bend region of Texas, from 
localities separated by only 30 miles. The question arises whether the differences 
noted could be due to racial trends and the ecological variations between these 
localities. Fortunately there are other differences between dulcis and humilis, 
besides the presence or absence of supraoculars, and these can be employed to 
validate or reinforce decisions premised on this character. 


First, let us consider dorsal scale counts: In the area known to be inhabited 
by both forms, no specimen of humilis has less than 254 dorsals (range 254-275), 
while no specimen of dulcis has more than 246 (range 236-246). 


Secondly, we have the splitting of the anterior supralabials: Every specimen 
of dulcis from Fort Clark westward has a split anterior supralabial (i.e. it 
belongs to the subspecies dissectus) ; on the other hand, no available specimen of 
humilis has this character. 


Third, there is a difference in size. Such specimens as are available which 
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exceed 300 mm. are all humilis; it is evident that dulcis does not reach this size. 


Now it would appear that if the supraoculars were merely a fluctuating 
character within a single species, gradually becoming rarer from east to west 
(for dulcis is more common in the eastern part of the joint range, and humilis 
in the west) certainly the other indicative characters would not all change 
simultaneously, so that we would find some specimens of humilis with low dorsal 
scale counts, and some with split anterior supralabials; and, correspondingly, 
specimens of dulcis would be found with the antithetical characters. No such 
specimens have come to light. I therefore conclude that dulcis and humilis are 
distinct species. No doubt some day this will be verified by finding both forms 
in the same canyon, somewhere in Arizona, New Mexico, or western Texas, 
with each species retaining all of its distinctive characters, thus making the 
decision unquestioned. But I likewise conclude that, rarely, humilis is found with 
supraoculars, as is the case with the two specimens from eastern San Diego 
County previously mentioned. These are not to be classified as dulcis merely 
because of the presence of these anomalous scales, since they are humilis rather 
than dulcis in four other characters: they are too large for dulcis; their dorsal 
scale counts are much too high (292 and 301); they have 12 scale rows around 
the tail, as is the case in all western humilis, while dulcis has 10; they are 
without the split anterior supralabials characteristic of all western dulcis. In all 
of these characters they are like humilis from the area where they are found, 
so it must be concluded that the supraoculars are aberrant. The specimen from 
Yuma, Arizona, mentioned by Van Denburgh and Slevin (1913, p. 409), may 
also have been an aberrant of this type; since the specimen was lost in the San 
Francisco fire this cannot be verified. Whether dulcis occasionally lacks supra- 
oculars I cannot say. 


Dulcis-myopicus-dissectus Relationship 


Up to the present time dulcis (with a single anterior supralabial) and 
myopicus (with a divided anterior supralabial) have been considered separate 
species. I have found it advisable, as discussed elsewhere, to divide myopicus 
into two subspecies, by reviving Cope’s dissectus. Furthermore in material newly 
available, I find evidence of intergradation both between dulcis and myopicus, 
and between dulcis and dissectus; and since dulcis is the oldest form, both of 
the others become dulcis subspecies. The geographical picture is quite consistent, 
the area of intergradation being rather narrow. Dulcis is found to have a much 
smaller range than myopicus and dissectus, which surround the former on all 
sides except the east. Dulcis is restricted to central Oklahoma, central and 
southern Texas, Nuevo Leon, and northern Tamaulipas. Dissectus and myopicus 
are found in southwestern Kansas, northern and western Oklahoma, western 
Texas, southern New Mexico, southeastern Arizona, Coahuila, western Nuevo 
Le6n, southern Tamaulipas, and northern Veracruz. In spite of many published 
reports, I have been unable to locate a specimen of dulcis dulcis from Arizona, 
New Mexico, or trans-Pecos Texas. Such specimens of worm snakes with 
supraoculars as have come to light from these areas all have divided anterior 


supralabials, and should be referred to dissectus. 


108 San Disco Society oF NATURAL HIstTory 


The area of intergradation between dulcis dulcis and d. dissectus may be 
indicated by the following intergrades: 
U. Okla. 4522, 7 mi. SW of Hollis, Harmon County, Okla. 
(Has a split anterior supralabial on the right, not on the left, thus being 
dissectus on the right, and dulcis on the left). 
U. Okla. 13,106, Comanche County, Okla. 
(The division between the parts of the anterior supralabials is anomalous 
on the right, in that it does not reach the nasal suture). 
U. Okla. 13,111, Comanche County, Okla. 
(The anterior supralabial is split angularly on one side only; it is entire, 
i.e. dulcis type, on the other). 
The following dulcis-myopicus intergrade is at hand: 
FMNH 30,615 Ojo de Agua, Cerro Potosi, Nuevo Leon. 
(An incomplete suture in the ocular is in evidence on both sides. In other 
specimens from the same area this is complete, thus forming paired anterior 


supralabials) . 


Besides the intergrades from Comanche County mentioned above, typical 
specimens of both dulcis and dissectus are available from that county. 

Thus far only one specimen of either dulcis, dissectus, or myopicus has 
been available (out of some 200 specimens) which does not fit into a logical 
geographic picture. This is a specimen of dulcis (U. Mich. 77,541) from 
Cimarron County, Oklahoma, from which it would be more logical to expect 
dissectus. 

Other differences between dulcis and myopicus besides the supralabials are 
discussed under the latter form. 

The third objective of the present investigation, namely, decisions respecting 
the validity of the species and subspecies which has been proposed, will be set 
forth under the discussions of the several forms, particularly in the paragraphs 
under taxonomic status and relationships. 


DESCRIPTIONS OF SPECIES AND SUBSPECIES 


Leptotyphlops dulcis dulcis (Baird and Girard) 


Texas WorM SNAKE 


1853. Rena dulcis Baird and Girard, Cat. N. Amer. Rept., Pt. 1, p. 142. Type 
locality: Between San Pedro and Comanche Springs, Texas. Type 
specimen: USNM 7296. 

1861. Stenostoma dulce Cope, Proc. Acad. Nat. Sci. Phila., Vol. 13, p. 305. 

1883. Stenostoma rubellum Garman, Mem. Mus. Comp. Zool., Vol 8, No. 3, 
p. 130. Type locality: Uvalde, Uvalde County, Texas. Type speci- 
men: MCZ 4584. 

1891. Leptotyphlops dulcis Stejneger, Proc. U. S. Nat. Mus., Vol. 14, p. 501. 

1892. Glauconia dulcis Cope, Proc. U. S. Nat. Mus., Vol. 14, p. 590. 


Distribution —Central Oklahoma and the Panhandle, south through central 


Texas to northern Tamaulipas and central Nuevo Leon, Mexico. 
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Diagnosis —A subspecies with supraoculars, and with single, or undivided, 
anterior supralabials. It has 10 scale rows around the tail. The 7 median dorsal 
scale rows are brown or light brown; the dorsal scale counts vary from 206 to 
255. The presence of supraoculars will suffice to distinguish this form from all 
humilis subspecies, including segregus; and the undivided anterior supralabials 
from dissectus, myopicus, and bressoni. In small specimens a microscope will 
be required to determine whether these scales are, or are not, divided. The 
10 scale rows around the tail will segregate dulcis from maximus, for the latter 
has 12. 

Material —I have had available for study about 135 specimens of this 
subspecies from Oklahoma, Texas, and northeastern Mexico. 

Description —The body is almost cylindrical from head to tail. The head 
is slightly distinct, being a trifle widened and flattened; the tail is somewhat 
reduced in diameter and terminates in a sharp spine. Viewed from the side the 
head slants forward and downward from the interoccipital. The snout is rounded; 
it extends considerably beyond the lower jaw, which is inset. Viewed from above 
the head is widest at the occipitals, whence it narrows forward to the nostrils 
and is then curved around the snout. There is a flattened area at the eye. The 
longest available specimen measured 271 mm. over-all; the smallest 75 mm. 
The ratio of the adult body length to the diameter averages 50. The ratio of 
the body length over-all to the tail length is 18.6. 

The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals. There are 10 rows around the tail; the reduction 
from 14 to 12 is effected by combining rows 2 and 3 (above the mid-ventral) 
into a new second row. This takes place one to three scales ahead of the anal 
plate. The next condensation to 10 occurs at the base of the tail. The anal 
plate is somewhat pointed and is entire. The mid-dorsal scale count, from 
rostral to tail spine (but not counting either) averages 227.84+-0.96; extreme 
range 206 to 255; interquartile range 221 to 235; coefhicient of variation 4.4 
per cent. The subcaudals average 14.56+0.83, the extreme range being 12 to 
17; interquartile range 13.8 to 15.3; coefficient of variation 7.6 per cent. 


The rostral is curved from the underside of the upper jaw over the snout, 
reaching back to a point even with the anterior edge of the eye and sometimes 
approaching its center. The rostral is wedge-shaped; the posterior end may be 
rounded or pointed. At the level of the nostril the rostral is slightly wider than 
either the nasal or ocular. 

The supralabial series comprises (besides the rostral) four scales on each 
side: an inferior nasal, an anterior supralabial, an ocular, and a posterior 
supralabial. The nasal is divided into two parts, a superior and an inferior, by a 
suture through the nostril. The suture is directed upward as it nears the rostral. 
The superior nasal is larger than the lower part; it narrows as it approaches 
the prefrontal, which prevents a contact with its fellow on the other side. ‘The 
inferior nasal narrows toward the lip. The anterior supralabial is higher than 
wide; it is pointed at the top, the point being on the posterior edge; it does not 
reach the level of the eye. The ocular is the largest head scale, excepting only 
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the rostral. It narrows considerably toward the lip. The eye is either at the 
center of the ocular or slightly anterior thereto; it appears as a black spot beneath 
the skin, the surface of which is not raised by reason of the presence of the eye. 
The posterior supralabial is about as high as wide, triangular, but with the apex 
cut off. It occupies more lip space than any other scale except the rostral. 


The supraoculars are small, slightly wider than high, and point forward and 
outward toward the upper tips of the oculars (fig. 4). 

The parietals are large, more than three times as long as wide; they narrow 
laterally as they approach contact with the posterior supralabials. The occipitals 
are of about the same size as the parietals. A temporal is interposed between 
each occipital and the posterior supralabial on that side. 

Of the mid-dorsal series the first four scales (prefrontal to interoccipital 
inclusive) are substantially equal in size, although the first and third are often 
slightly larger than the other two. Posteriorly, on the neck, the scales of the 
mid-dorsal series are somewhat widened transversely, as compared to the first 
four. Sometimes this widening is quite conspicuous. 

The mental is wide and short. The infralabials number 4 on each side; the 
posterior is the largest. The chin-shields are much smaller than the ventral 
scales, into which they merge immediately behind the head. 


The scales on the top and sides of the head, as far back as the parietals, 
are dotted with tiny pits; there are some pits on the occipitals. 


The 7 median dorsal scale rows are medium to light brown (alcoholic 
colors); the lateral pair of this series are somewhat lighter than the central 5, 
for the change from the dorsal dark color to the ventral light is more gradual 
than in humilis. The color is applied by means of many tiny punctations. Often 
the scales appear to be darker on the edges; yet in other cases the edges are 
lighter, a condition possibly resulting from the imminence of exuviation. The 
color below is pink, tan, or cream; there is less contrast between dorsum and 
ventrum than in humilis humilis. 


The head is brown above but the rostral, lips, and under-jaw are light. 


Taxonomic Status and Relationships. Intraspecific Variation—I have 
already discussed at some length, in the initial section of this paper, the 
relationships between the species dulcis and humilis, and the subspecies dulcis 
dulcis, d. dissectus, and d. myopicus, for these were the problems which initiated 
the investigation. It has been shown that humilis and dulcis are apparently 
overlapping species; and that dulcis dulcis is a subspecies inhabiting a relatively 
small area, completely surrounded on all sides, except the east, by the more 
widely ranging subspecies with divided anterior supralabials (dissectus and 
myopicus). Intergrades are available from Harmon and Comanche counties, 
Oklahoma, and southern Nuevo Leén, Mexico. One of a series of specimens 
from San Antonio, Texas, may be an intergrade; the anterior supralabial may be 
divided on one side, but it is difficult to see whether there is a crease or a true 
suture. The geographical arrangement of the specimens at hand presents a 
consistent pattern, except for a specimen of dulcis from the Oklahoma panhandle, 
where dissectus would be expected. 


I have also mentioned the unexpectedly wide dispersion of characters 
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(especially dorsal scale counts) which suggests the possibility that this subspecies 
may really be composite. However, this is supposition only; I have been unable 
to make any logical segregation of the specimens. 


There remains one problem of interest with respect to the subspecies d. dulcis 
by itself: Is there a definite trend in scale counts between the snakes found in 
northern Tamaulipas and the southern tip of Texas, northward, through central 
Texas, to the northern limit of the subspecies in central Oklahoma? We find 
that there is such a trend. In the five southern counties of Jim Hogg, Starr, 
Hidalgo, Cameron, and Brooks, 16 specimens have a mean dorsal count of 
236.501.81; from the four central counties of Atascosa, Bexar, Bosque, and 
McLennan there are 57 specimens with a mean of 226.60+1.33; while 11 
specimens from Comanche County, Oklahoma, have a mean of 219.00+2.84. 
By the t-test these differences are found to be significant, that between southern 
and central Texas being of the order of P=0.001,’ while between central Texas 
and Oklahoma, P=0.02. Hence there is a definite decrease in the number of 
dorsal scale counts in this subspecies from its southern to its northern limit. 
The southern Texas specimens are somewhat more uniform than the other two 
groups, the strangely high dispersion, which I have mentioned before, not being 
evident in that area. The coefficients of variation from south to north are 2.25, 
4.42, and 4.30 per cent. 


A similar investigation of subcaudal scales indicates no significant trend, 
the means from south to north being, respectively, 14.39-0.25, 14.58-0.14, 
and 14.65£0.24. These small differences are found to be without significance. 


There seem to be no consistent color variations in dulcis. Throughout the 
range, the seven dorsal scale rows run from medium to light brown. Rarely a 
specimen is seen which is alrnost as dark as h. humilis from western San Diego 
County. Specimens from Cameron County are somewhat darker than those in 
the center of the state. 


Garman’s rubellum is to be considered a synonym of dulcis dulcis. As 
Stejneger has already pointed out (1891, p. 501), the various characters upon 
which Garman segregated rubellum were all premised, either on errors in the 
original description of dulcis by Baird and Girard, or on misinterpretations of 
that description by Garman. The type of dulcis is anomalous in having the 
occipital in contact with the posterior supralabial on the right side, but this has 
no bearing on the validity of rubellum. Aside from this there seem to be no 
important differences between the two types. The type locality of rubellum, 
Uvalde, Texas, is within the area inhabited by dulcis, and the dorsal scale count 
of the type, 239, kindly supplied me by Mr. B. Shreve of the Museum of 
Comparative Zodlogy, is within the normal range of dulcis. 

Locality Records—In the small, light colored snakes belonging to the 
subspecies dulcis (anterior supralabials entire), and myopicus or dissectus 
(anterior supralabials divided), it is often quite difficult to ascertain the condition 
of the critical scale; one would not notice the important suture unless he were 
especially looking for it. As a result there has been much confusion between 


7 Meaning one chance in a thousand that the two samples were drawn from a single 
homogeneous population. 
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the three subspecies, and, in western Texas, with segregus as well. For this 
reason I have deemed it inadvisable to include localities hitherto recorded in 
the literature, but have restricted the following list to localities represented by 
specimens which I have examined, together with the type locality of rubellum. 
While previous records from central Texas were no doubt correctly ascribed to 
dulcis, it is probable that those from western Texas, southern New Mexico, and 
southeastern Arizona were dissectus. Dulcis, however, may well be expected in 
northeastern New Mexico. 

There have been reports of dulcis from Arkansas (Dellinger and Black, 
1938, p. 18). I have been informed by Mr. B. C. Marshall, who was presumed 
to have captured, at Imboden, Arkansas, the specimens upon which this record 
was based, that they were merely forwarded from Imboden, but were originally 
obtained by him in Texas. This record, therefore, should be suppressed. So far 
as I know, there are at present no authentic Arkansas records of Leptotyphlops. 

The verified dulcis records follow: 

OKLAHOMA: Cimarron County; Cleveland County—Norman; Kiowa 
County—Gotebo; Comanche County—5 mi. n. of Cache; Harmon County—7 
mi. sw. of Hollis (dissectus intergrade) ; Choctaw County. 

Texas: County uncertain—Between San Pedro and Comanche Springs 
(type locality) ; Lubbock County—Lubbock; Palo Pinto County—3 mi. w. of 
Millsap, Palo Pinto; Erath County; Bosque County—Clifton, Valley Mills; 
McLennan County—Waco, Eddy, Bruceville, Tonk Creek, China Springs, 
Cameron Farm; Tom Green County—Christoval; Burnet County—3 mi. e. of 
Burnet; Travis County—Austin, Marshall Ranch; Hayes C ounty—San Marcos; 
Bexar County—San Antonio (also 10 mi. n., 22 mi. n., 12 mi. sw.), Somerset 
(also 10 mi. s., 3 mi. sw., 7 mi. sw.), Helotes, Von Ormy; Uvalde County— 
Uvalde (type locality of rubellum) ; Medina County—Diversion Lake; Atascosa 
County—Lytle, Benton; Victoria County—Victoria; Jim Hogg County—E. of 
Hebronville; Brooks County—30 mi. sw. of Falfurrias; Starr County—3 mi. se. 
of Rio Grande City; Hidalgo County—Edinburg; Cameron C ounty—Brownsville, 
Harlingen. 

Nuevo Leon: Monterrey, Ojo de Agua (myopicus intergrade). 

TAMAULIPAS: Matamoros, Bagdad. 


Leptotyphlops dulcis dissectus (Cope) 


New Mexican Worm SNAKE 


1883. Stenostoma dulce Cope, Proc. Acad. Nat. Sci. Phila., Vol. 35, pl: 

1892. Glauconia dulcis (part) Cope, Proc. U. S. Nat. Mus., Vol. 14, p. 590. 

1896. Leptotyphlops dulcis Cockerell, Am. Nat., Vol. 30, p. 326. 

1896. Glauconia dissecta Cope, Am. Nat., Vol. 30, p. 753. Type locality: 
Lake Valley, Sierra County, New Mexico. Type specimen: ANSP 
1O}7 52: 

1933. Leptotyphlops myopica (part) Stejneger and Barbour, Check List N. 
Amer. Amph. Rept., Ed. 3, p. 85. 


Distribution—From southern Coahuila, Mexico, north and northwest 
through trans-Pecos Texas and southern New Mexico to southeastern Arizona; 
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also southern Kansas, and central and northeastern Oklahoma. 


Diagnosis —A subspecies with supraoculars, differing from dulcis and 
maximus in having the anterior supralabial vertically divided into two parts 
(fig. 5). From bressoni it differs in having the parietals in contact with the 
posterior supralabials. From myopicus it differs in usually having in excess of 
224 dorsals; also one or both occipitals are often divided, and the fifth dorsal 
is conspicuously wider than the fourth, which characteristics are seldom present 
in myopicus. It has 10 scale rows around the tail, and the dorsals vary from 
224 to 246. The seven mid-dorsal scale rows are colored from light to medium 
brown. 

Material.—I have had available for study 14 specimens from Oklahoma, 
5 from Kansas, 3 from Texas, 7 from New Mexico, 4 from Arizona, and 2 from 
Coahuila, a total of 35. 

Description—The body is almost cylindrical from head to tail. The head 
is slightly distinct, being a trifle widened and depressed; the tail is somewhat 
reduced in diameter and terminates in a sharp spine. Viewed from the side the 
head slants forward and downward from the interoccipital. The snout is 
rounded; it extends considerably beyond the lower jaw, which is inset. From 
above, the head appears widest at the occipitals, whence it narrows forward to 
the eyes and is then curved about the snout. There is a flattened area at the eye. 
The longest available specimen measures 272 mm. over-all; the smallest 90 mm. 
The subspecies seems to reach its largest size in southern New Mexico; it is 
definitely smaller in Kansas and Oklahoma. The ratio of the adult body length 
to the diameter averages 51. The ratio of the body length over-all to the tail 
length is about 21.7. 

The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals, except on the neck. There are 10 rows around the 
tail; the first reduction from 14 to 12 is effected by combining rows 2 and 3 
(above the mid-ventral) into a new second row. This takes place two or three 
scales ahead of the anal plate. The final reduction to 10 occurs at the base of 
the tail. The anal is somewhat pointed and is entire. The mid-dorsal scale 
count, from rostral to tail spine (but not counting either) , averages 238.1-0.72; 
extreme range 224 to 246; interquartile range 235.4 to 240.9; coefficient of 
variation 1.7 per cent. The subcaudals average 13.90+0.18, the extreme range 
being 12 to 16; interquartile range 13.2 to 14.6; coeflicient of variation 5.5 per 
cent. These figures omit consideration of dissectus-dulcis intergrades. 

The rostral is curved from the underside of the upper jaw over the snout, 
reaching back about to the anterior edge of the eye, and sometimes even approach- 
ing the center. The rostral is wedge-shaped; the posterior end is rounded. At 
the level of the nostril the rostral is slightly wider than either the nasal or ocular. 

The supralabial series comprises (besides the rostral) 5 scales on each side: 
an inferior nasal, an anterior supralabial, divided into two scales by a vertical 
suture (fig. 5), an ocular, and a posterior supralabial. The nasal is divided into 
two parts, a superior and an inferior, by a slanting suture through the nostril. 
The suture is directed upward as it approaches the rostral. The superior nasal 
is larger than the lower part, narrowing as it approaches the prefrontal, which 
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prevents a contact with the opposite nasal. The inferior nasal narrows as it 
approaches the lip. Of the two parts of the anterior supralabial, the posterior is 
both wider and higher; both parts are higher than wide, and are pointed at the 
top. The posterior reaches the bottom of the eye but not the center. The ocular 
is the largest head scale, excepting only the rostral. It narrows considerably as it 
approaches the lip, for the rear section of the anterior labial is largely cut out of 
the ocular. The eye is either at the center of the upper half of the ocular or 
slightly anterior thereto; it appears as a black spot beneath the skin, the surface 
of which is not raised by reason of its presence. The posterior supralabial is 
about as high as wide, triangular, but with the apex truncated. It occupies more 
lip space than any other scale except the rostral. 

The supraoculars are small, slightly wider than high, and point forward 
and outward toward the upper tips of the oculars. The parietals are large, about 
three times as long as wide; they narrow laterally as they approach contact with 
the posterior supralabials. The occipitals, when entire, are of about the same size. 
However, it is characteristic of this subspecies that the occipitals are often 
divided by a diagonal suture; in effect, the second dorsal row on either side 
of the mid-dorsal is carried forward one additional scale, thus terminating at the 
parietals (fig. 7) instead of at the occipitals, as in other subspecies. Often, this 
is the case on one side only. The postoccipitals are often enlarged. When the 
occipital is divided, the upper part is larger than the lower, and may be considered 
the true occipital. Thus it is separated from the posterior supralabial by two, 
rather than the customary single, scale. 

Of the mid-dorsal series the first four scales (prefrontal to interoccipital 
inclusive) are sometimes equal in size, although more often the third, or third 
and fourth are slightly larger than the other two. But the fifth scale is very 
much wider than the prior four, sometimes more than twice as wide. This is a 
character in which dissectus differs from myopicus. Posteriorly, after the fifth 
scale, the mid-dorsal series, in the course of a few scales, again narrows to 
normal. 

The mental is wide and short. The infralabials number 4 on each side; the 
posterior is the largest. The chin-shields are much smaller than the ventrals, into 
which they merge immediately behind the head. 

The scales of the top and sides of the head, as far back as the parietals and 
interparietal, are dotted with tiny pits; there are occasionally pits on the occipitals 
also. 

The 7 median dorsal scale rows are medium to light brown (alcoholic 
colors); the lateral pair of this series are somewhat lighter than the central 5. 
The color is applied by means of many tiny punctations. Often the scales 
appear to be darker on the edges; yet in other cases the edges are lighter, a 
condition possibly resulting from the approach of shedding time. The color 
below is pink, tan, or cream; there is usually less sharp contrast between dorsum 
and ventrum than in humilis humilis. 

The head is brown above, but the rostral, lips, and under-jaw are light. 


Taxonomic Status and Relationships. Intraspecific Variations —The general 
relationship between dulcis on the one hand, and dissectus and myopicus on the 
other, has already been discussed as one of the problems which this study was 
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undertaken to determine. In its scale arrangements dulcis seems to be the simpler 
of the two and is probably the more primitive. Nevertheless myopicus and 
dissectus completely surround dulcis except on the east. 


I hesitated for a considerable time before splitting myopicus and re-estab- 
lishing dissectus; however, with the exception of very few specimens a consistent 
geographical segregation can be made on the basis of dorsal scale counts alone. 
When to this are added the sharp increase in size of the fifth dorsal as compared 
to the fourth—a character peculiar to the northern specimens (dissectus)—and 
the frequent division of the occipitals, also a peculiarity of the United States 
individuals, the division appears to be justified. 


Discussing first the geographical situation with respect to dorsal scale counts, 
we note the following: If we were to make an arbitrary distinction between 
myopicus and dissectus at 224, we find that one specimen out of eleven in the 
myopicus area would be misplaced, this being U. Mich. 69,408 from Tanoyuca 
(Tantoyuca?), Veracruz, for this specimen has 236 dorsals; the other ten have 
222 or less, the average being 210, range 199 to 222. 

Of the specimens within the dissectus territory there is only one specimen, 
out of 35, with less than 230 dorsals; this is a specimen from Norman, Oklahoma, 
with 224 dorsals. This individual has peculiar head scales, as the parietal is 
divided on the left and other scales are abnormal in shape. In addition there 
are three dulcis-dissectus intergrades all of which have less than 224 dorsals; 
this might well be expected, as dulcis, in the area of intergradation, usually has 
less than 220 dorsals. 

A second difference observable between dissectus and myopicus is the sharp 
increase in width from the fourth to the fifth dorsal usually evident in dissectus, 
the fifth being as much as twice as wide as the fourth. This widening is seldom 
in evidence in myopicus, for, in these, the two scales are likely to be the same 
size, thus resembling dulcis in Texas, or the fifth may be slightly larger. The 
postoccipitals are somewhat more enlarged in the northern specimens than the 
southern. 

Another fairly consistent difference between the southern and northern 
specimens is in the occipitals themselves. In dissectus these are often divided 
at an angle, so that two scales, rather than the usual single scale, separate the 
occipitals from the posterior supralabials. The trend in this character is shown 
by the following table: 


NuMBER OF DivipED OCcCIPITALS 
PER SPECIMEN 


0 1 2 
Myopicus 8 0 0 
Dissectus 
West Texas 1 2 0 
New Mexico Z 1 3 
Arizona 1 3 0 
Oklahoma 6 3 2 
Kansas 2 3 0 
20 12 5 
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It will be observed that no specimen of myopicus has a split occipital, while 
of dissectus 59 per cent have one split at least. The difference between the two 
is significant. If we consider a specimen having at least one split occipital, as 
being separated from those having none, we have the following contingency 


table: 


WITHOUT WITH ONE OR 
DivipED More Divipvep 
OcCcIPITALS OccIPITALS 
Myopicus 8 0 
Dissectus te 17 
Total 20 17 


By the chi-square test we find that there is only one chance in a hundred that 
these samples could have been drawn from the same population. However, a 
key based on this character would properly segregate only two thirds of the 
specimens. 

Split occipitals are rare among Texas and Oklahoma dulcis dulcis, there 
being only one specimen out of 53 with this character, and this one has it on 
one side only. Thus we have, in this, another average difference between dissectus 
and dulcis. With reference to the sdaeonents between these two, it has already 
been mentioned that there are three apparent intergrades available from Okla- 
homa, one of which is a perfect dissectus on the right side of the head, and dulcis 
pale ieee Intergradation (or possibly hybridization) is more definitely indicated 
in Oklahoma between dissectus and dulcis than between myopicus and dulcis 
in Mexico, where, if all the localities are accurate, which is not always the case 
with specimens collected in the days of the Boundary and Railroad Surveys, 
there may be an overlapping of myopicus and dulcis rather than a merging, as in 
the north between dissectus and dulcis. 

The reason I have mentioned hybridization, as being a possibility in the 
place of intergradation in Oklahoma, is the seemingly wide separation of the 
two pure populations and the variations amongst the intergrades. In this area 
most dulcis run close to 215 in dorsal scale counts; dissectus about 235. Dissectus 
often has one or both occipitals split, dulcis has not. Dissectus has a widened 
fifth dorsal; this is seldom present in dulcis. All of these characters fluctuate 
in the intergrades. For example, the dulcis-dissectus intergrades have lower dorsal 
scale counts than any other dissectus, but they are not higher than any pure 
dulcis, for one of the latter is as high as any dissectus. This sudden and 
simultaneous change in three characters would not be expected in a territory 
characterized by gradual, rather than sudden, changes in ecological conditions. 
This suggests a separation, followed by a re-merging. This situation might also 
explain the high coefficient of variation in dulcis, to which I have made reference 
before. 

The largest specimens of dissectus occur in New Mexico, where the dorsal 
counts are highest. Specimens from Kansas and Oklahoma are definitely smaller. 
At present, between these areas, there is a territorial gap—northeastern New 
Mexico and the panhandle of Texas—from which no specimens are available. 


Locality Records.—Because of the confusion which has existed between dulcis 
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and dissectus (or myopicus), I list below only the localities from which specimens 
have been examined in the course of this study, or such as may be represented by 
specimens in which the bifurcated anterior supralabial has been especially 
checked by others. 

OxrtaHoma: Tulsa County—Tulsa; Canadian County—7 mi. n. of Yukon; 
Cleveland County—Norman; Comanche County; Harmon County—7 mi. sw. 
of Hollis (dulcis intergrade) ; Payne County—Stillwater. 

Kansas: Barber County—2 mi. w. of Lake City; Clark County—Stevenson 
Ranch; Meade County—1 mi. w. of State Lake. 

New Mexico: Eddy County—East boundary Carlsbad Cavern National 
Park; Dona Ana County—Mesilla Valley, Mesilla Park, Las Cruces; Sierra 
County—Lake Valley (type locality). 

Arizona: Cochise County—Mouth of Ramsey Canyon (Huachuca 
Mountains), Naco, 4 mi. sw. of Portal. 

Texas: Reeves County—Neat Pecos, Balmorhea; Brewster C ounty—Oak 
Creek (Chisos Mountains) . 

CoaHuILA: San Pedro, 4 mi. w. of Saltillo. 


Leptotyphlops dulcis myopicus (Garman) 
Tampico WorM SNAKE 


1883. Stenostoma dulce (part) Yarrow, Bull. U.S. Nat. Mus., No. 24, p. 142. 

1883. Stenostoma myopicum Garman, Mem. Mus. Comp. Zodl., Vol. 8, No. 
3, p. 6. Type locality: Savineto near Tampico, Tamaulipas, Mexico. 
Cotype specimens (3): MCZ 4526. 

1893. Glauconia myopica Boulenger, Cat. Snakes of British Museum, Vol. 1, 
p. 69. 

1900. Glauconia dulcis (part), Report U. S..Nat. Mus. for 1898, p. 717. 

1929. Leptotyphlops myopica Barbour and Loveridge, Bull. Mus. Comp. Zool., 
Vol. 69, No. 10, p. 345. 


Distribution——From northern Veracruz and southern San Luis Potosi 
northward across southern Tamaulipas to central Nuevo Leon, Mexico. This 
subspecies, as here defined, does not occur in the United States. 


Diagnosis ——A subspecies with supraoculars, differing from dulcis and 
maximus in having the anterior supralabial vertically divided into two parts. The 
parietals are in contact with the posterior supralabials, which is not the case with 
bressoni. From dissectus it differs in usually having less than 224 dorsals, while 
the former has more. Other differences of myopicus from dissectus are the 
frequent division of the occipitals in the latter, but not the former; also, dissectus 
usually has a much larger fifth dorsal than the fourth, which is not the case with 
myopicus. The seven mid-dorsal rows are colored from medium to dark brown. 
There are 10 scale rows around the tail. 


Material —I have had available for study 7 specimens of this subspecies 
and have had the scale counts on 4 others, including the three cotypes. 


Description —The body is almost cylindrical from head to tail. The head 
is slightly distinct, being a trifle widened and vertically compressed; the tail is 
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somewhat reduced in diameter and terminates in a sharp spine. Viewed from 
the side, the head slants forward and downward from the interoccipital. The 
snout is rounded; it extends considerably beyond the lower jaw, which is inset. 
The head is widest at the posterior supralabials; it narrows forward to the nostrils 
and is then curved about the snout. There is a flattened area at the eye. The 
longest available specimen measures 227 mm. over-all; the smallest 89 mm. 
The ratio of the adult body length to the diameter averages 54. The ratio of 
the body length over-all to the tail length is about 18. 


The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals, except that in the Coahuila specimens the mid-dorsals 
are widened at the neck. There are 10 scale rows around the tail. The anal is 
somewhat pointed and is entire. The mid-dorsal scale count, from rostral to tail 
spine (but not counting either) , averages 212.9; the several counts are 199, 205, 
206(2), 211, 212, 213, 215, 217, 222, 236. The subcaudals average 14.1; 
the extreme range being 11 to 17. 

The rostral is curved from the underside of the upper jaw over the snout, 
reaching back to a point about even with the anterior edge of the eye. The rostral 
is wedge-shaped; the posterior end may be rounded or pointed. At the level of 
the nostril the rostral is slightly wider than either the nasal or ocular. 


The supralabial series comprises (besides the rostral) , 5 scales on each side: 
an inferior nasal, an anterior supralabial, divided by a vertical suture into two 
parts, an ocular, and a posterior supralabial. The nasal is divided into two 
sections, a superior and an inferior, by a suture through the nostril. The suture 
is directed upward as it approaches the rostral. The superior nasal is larger than 
the lower part; it narrows as it approaches the prefrontal, which prevents contact 
with its fellow on the other side. The inferior nasal narrows toward the lip. The 
two parts of the anterior supralabial are quite unequal in size, the rearward 
section being both wider and higher; however, it does not quite reach the level 
of the eye. It is pointed at the top. The ocular is the largest head scale, excepting 
only the rostral. It narrows considerably as it approaches the lip, for the rear 
part of the anterior supralabial cuts deeply into it. The eye is either at the center 
of the ocular or slightly anterior thereto; it appears as a black spot beneath the 
skin. The posterior supralabial is about as high as wide, triangular, but with the 
apex cut off by contact with the parietal. It occupies more lip space than any 
other scale except the rostral. 

The supraoculars are small, slightly wider than high, and point forward 
and outward toward the nasal-ocular sutures. The parietals are large, about three 
times as long as wide; they narrow slightly as they approach contact with the 
posterior supralabials. (One specimen lacks this contact on one side only). The 
occipitals are of about the same size; they are not divided, thus differing from 
dissectus, which often has a division in these scales. A temporal is interposed 
between each occipital and the posterior supralabial on that side. 

Of the mid-dorsal series the first four scales (prefrontal to interoccipital 
inclusive) are substantially equal in size, although the last two are sometimes 
slightly larger than the others. Posteriorly, on the neck, the scales of the mid- 
dorsal series are slightly widened transversely, as compared to the first four; 
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this widening is quite conspicuous in the specimens from Coahuila. 

The mental is wide and short. The infralabials number 4 on each side; the 
posterior is the longest. The chin-shields are much smaller than the ventrals into 
which they merge immediately behind the head. 

The scales of the top and sides of the head, as far back as the parietals, are 
dotted with tiny pits; there are some pits on the occipitals. 

The 7 median dorsal scale rows are medium brown (alcoholic colors), 
except those from Coahuila which are very dark brown. 

The head is brown above. Some specimens show considerable brown on the 
lower labials, the ventrum at the neck, and the anal. 


Taxonomic Status and Relationships. Intraspecific Varaitions—The rela- 
tionship between myopicus and dissectus has been discussed under the latter 
subspecies. Intergrades are to be expected along the border between Coahuila 
and Nuevo Leon. 

The relationship between myopicus and dulcis is more uncertain; these forms 
may intergrade, or may overlap; the few specimens now available from Nuevo 
Leon are not sufficient to permit a definite decision. On the one hand there is 
one specimen, FMNH 30,615, from Ojo de Agua, Cerro Potosi, Nuevo Leén, 
which seems to be a myopicus-dulcis intergrade in that the suture, which normally 
(in myopicus) separates the back half of the anterior supralabial from the ocular, 
is incomplete. Three other specimens from the same locality are normal myopicus. 
This incomplete suture is the same character by which Brongersma separated 
thlei from the South American form macrolepis. 

The National Museum has specimens of both dulcis and myopicus from 
near Monterrey, each typical. If these two localities are to be considered accurate, 
then these two forms would seem to overlap; however, they were collected in the 
old days when the localities catalogued were sometimes the localities from which 
the specimens were forwarded, rather than those of actual collection. Thus the 
question of this relationship is still in a doubtful status. 

The scale counts of the myopicus specimens available are geographically 
consistent, with a dorsal-scale count range of 199 to 222, with the exception of 
the most southerly specimen, U. Mich. 69,408 from Tanoyuca (Tantoyuca?), 
Veracruz, which has 236 dorsals. One of the cotypes with 199 dorsals is notable 
in having the lowest count of any specimen of the genus which has yet come to 
light from North or South America. 

Myopicus may be related to bressoni and, through the latter, to macrolepis 
of South America. 

Not enough specimens of myopicus are available to make certain of any 
geographical trends. The most distinctive specimens I have seen are a series of 
four from Ojo de Agua, Cerro Potosi, Nuevo Leon, (FMNH 30,615-8). These 
are dorsally much darker than the specimens from further south; also, they have 
some spotting on the chin-shields and anal. 

It is probable that, as additional material becomes available, variations in 
dorsal scale counts and color will be found to follow ecological changes, as is the 
case with humilis in southern California. 

It is interesting to observe that, while dulcis has a trend toward lower dorsal 
scale counts from south to north, dissectus and myopicus, as a group, have a 
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reversed trend, the southern specimens having lower, and the northern higher 
counts. 


Locality Records——Myopicus has been reported at the following points in 
Mexico: Nurvo LEon: Ojo de Agua (Cerro Potosi) , Monterrey; TAMAULIPAS: 
Savineto near Tampico (type locality) ; SAN Luis Potosi; VERACRUZ: Panuco, 
near Tanoyuca. 


Leptotyphlops maximus Loveridge 


GUERRERO WORM SNAKE 


1932. Leptotyphlops maximus Loveridge, Proc. Biol. Soc. Wash., Vol. 45, p. 
151. Type locality: Chilpancingo (alt. 4000-6000 feet), Guerrero, 
Mexico. Type specimen: MCZ 33,604. 


Distribution —Guerrero and Morelos, Mexico. 
Diagnosis —A species with supraoculars, and with a single anterior supra- 


labial. It differs from other known species or subspecies in the United States 
or Mexico with supraoculars present, in having 12 rows of scales around the tail, 
whereas all others have 10. 


Material—I have had available for study four specimens of this species 
from Guerrero and Morelos, and data on the type and three paratypes kindly 
supplied by Mr. Benjamin Shreve. 


Description —The body is substantially cylindrical from head to tail. The 
head is slightly distinct, being a trifle widened and vertically compressed; the 
tail is somewhat reduced in diameter and terminates in a sharp spine. The snout 
is rounded; it extends considerably beyond the lower jaw, which is inset. From 
above the head appears widest at the occipitals, whence it narrows forward to the 
nostrils and is then curved about the,snout. There is a flattened area at the eye. 
The longest available specimen measures 300 mm. over-all; the smallest individual 
measures 126 mm. The ratio of the adult body length to the diameter averages 
45. The ratio of the body length over-all to the tail length is about 19. 

The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals. There are 12 rows around the tail, the reduction 
from 14 occurring at the base of the tail. The anal is rounded and is entire. 
The mid-dorsal scale count, from rostral to tail spine (but not counting either), 
averages 223.6; extreme range 216 to 235; the counts on the available specimens 
are 216, 219, 220, 221 (2), 223, 234, 235. The subcaudals average 14.3, the 
extreme range being 13 to 16. 

The rostral is curved from the underside of the upper jaw over the snout, 
reaching back to a point even with the anterior edge of the eye. The rostral is 
wedge-shaped; the posterior end is rounded. At the level of the nostril the 
rostral is slightly wider than either the nasal or ocular. 

The supralabial series comprises (besides the rostral) 4 scales on each side; 
an inferior nasal, an anterior supralabial, an ocular, and a posterior supralabial. 
The nasal is divided into two parts, a superior and an inferior, by a suture through 
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the nostril. The suture is directed upward toward the rostral. The superior nasal 
is larger than the lower part; it narrows as it approaches the prefrontal, which 
prevents a contact with its fellow on the other side. However, in FMNH 1263 
from Balsas, Guerrero, the nasals contact on the mid-dorsal line.8 The inferior 
nasal narrows as it approaches the lip; it is widest at the top. The anterior 
supralabial is higher than wide; it is pointed at the top, the point being on the 
posterior edge; it does not reach the level of the eye. The ocular is the largest 
head scale, excepting only the rostral. It narrows considerably as it approaches 
the lip. The eye is slightly anterior to the center of the ocular; it appears as a 
black spot beneath the skin, the surface of which is not raised by reason of the 
presence of the eye. The posterior supralabial is about as high as wide, triangular, 
but with the apex cut off where it engages the parietal. It occupies more lip 
space than any other scale except the rostral. 


The supraoculars are small, wider than high, and point forward and outward 
toward the suture between the nasals and the oculars. The parietals are large, 
more than twice as long as wide; they narrow laterally as they approach contact 
with the posterior supralabials. The occipitals are of about the same size; they 
also narrow laterally. A temporal is interposed between each occipital and the 
posterior supralabial on that side. The postoccipitals, which are the terminal 
scales of the first lateral row on either side of the mid-dorsal, are somewhat 
enlarged. 

Of the mid-dorsal series the first four scales (prefrontal to interoccipital 
inclusive) are substantially equal in size in some specimens; in others the posterior 
pair are widened. Where the interoccipitals are no wider than the frontal, the 
fifth scale is usually widened conspicuously; the subsequent scales are gradually 
reduced to a normal width. 

The mental is wide and short. The infralabials number 4 on each side; the 
posterior is the largest. The chin-shields are much smaller than the ventrals, into 
which they merge behind the head. 

The scales of the top and sides of the head, as far back as the parietals, are 
dotted with tiny pits. 

The 7 median dorsal scale rows are from dark brown to orange (alcoholic 
colors). The color below is tan, or cream; the lateral line between the dark 
dorsal color and the light ventrum is very sharp and distinct. 


The head is brown above, but the rostral, lips, and under-jaw are light, 
although there may be some dark spots on the chin. In the dark specimens the 
anal is punctated with dark brown. In some specimens the snout and tail tip are 
both light, but not with the conspicuous contrast of most members of the albifrons 
group. 

The considerable variation in both scale configurations and color evident 
in the few specimens at hand indicates that this species may be divisible into 
two or more subspecies when adequate material becomes available. 


Taxonomic Status and Relationships—This species is probably related to 
dulcis and myopicus. In having somewhat longer supraoculars than these, and, 


8 If additional specimens from northwestern Guerrero show consistency in this character, 
subspecific differentiation will be warranted. 
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occasionally a light spot on the tail, it shows some tendency toward phenops of the 
albifrons group. 

Locality Records——GuERRERO: Chilpancingo (type locality), Balsas; 
More os: Puente de Ixtla, near Huijintlan (10 miles south of Puente de Ixtla). 


Leptotyphlops bressoni Taylor 


MIcHOACAN WorM SNAKE 


1939. Leptotyphlops bressoni Taylor, Copeia, No. 1 of 1939, p. 5. Type locality: 
Hda. El Sabino, Uruapan, Michoacan, Mexico. Type specimen: 
EHT-HMS 5247. 


Distribution —At present this species is known only from the type specimen, 
with the locality given above. 


Diagnosis—A species readily distinguished from others in the dulcis and 
humilis groups, excepting myopicus and dissectus, by the vertical division in the 
anterior supralabial. From these latter it may be segregated by the presence of a 
small scale (the postocular) which separates each parietal from the adjacent 
posterior supralabial (fig. 6). These scales make contact in myopicus and 
dissectus. 


Description of the Type Specimen—Length over-all 265 mm.; length of 
tail 13 mm.; ratio of total length to tail length 20.4. Diameter of body 4.8 mm.; 
ratio of body length to diameter 55. 

The body is sub-cylindrical, the neck being flattened and the posterior part 
of the body somewhat reduced in thickness. The tail is reduced in ‘diameter 
and terminates in a spine. 

The head is moderately depressed and flattened, with a prominent, rounded, 
overhanging snout. The rostral is curved from the underside of the upper jaw 
over the snout, reaching back as far as the front of the eye. Viewed from the 
front it is rather narrow, although wider than the nasals or ocular. The posterior 
tip is rounded. The supralabial series comprises five scales on each side, an 
inferior nasal, a double or split anterior supralabial, an ocular, and a posterior 
supralabial. The nasals are divided and are somewhat wider than the widest part 
of the oculars. The inferior nasal is smaller than the upper; the nasal suture 
rises upward toward the rostral. The superior nasals are prevented from meeting 
on the mid-dorsal line by the contact between the rostral and prefrontal. The 
anterior supralabial is large and is divided into two parts by a vertical suture. 
The posterior section is both wider and higher than the front part; it rises to a 
point at the level of the lower edge of the eye. 

The posterior part of this supralabial cuts deeply into the ocular. The eye 
is somewhat forward of the center of the ocular. The posterior supralabial is 
triangular and is as wide as high. The supraoculars are small, about as wide but 
not as high as the frontal. They are prevented from meeting by the prefrontal- 
frontal contact, and are directed forward and outward on either side of the 
prefrontal. Of the mid-dorsal series the interparietal is the largest, followed by 
the interoccipital; both are larger than either the prefrontal or frontal. The 
parietals are twice as high as wide; contact with the posterior supralabials is 
prevented by the interposition of the first scales of the third lateral scale rows, 
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which may be referred to as postoculars. The presence of these postoculars is 
the outstanding character of the species. The occipitals are large; they are 
prevented from contacting the posterior supralabials by the postocular on each 
side. The mental is wide but very short; it is slightly indented. There are four 
infralabials on each side, the posterior being enlarged and hidden by the over- 
hanging upper jaw. The chin-shields are small and regular, and enlarge 
posteriorly as they merge into the ventral series. 

The body is covered with 14 rows of smooth and imbricate scales of 
uniform size, neither the mid-dorsal nor mid-ventral being conspicuously enlarged. 
There are 10 rows around the tail, two rows being dropped 5 scales anterior to 
the anal plate, and two at the base of the tail. The first reduction is effected by 
combining the second and third rows above the mid-ventral row, which are 
combined into a new second row. The anal is entire. The median dorsal series 
from prefrontal to tail spine numbers 240, the subcaudals 16. 

The 7 dorsal scale rows (in alcohol) are dark purplish brown, in solid color 
without lines, punctations, or light borders. There is some lightening of the last 
pigmented row on each side. The ventral color is fawn, with each scale lightly 
pigmented in its center; especially is this evident posteriorly. The lip edges, 
particularly the mental, are light. The anal has a central brown spot, and the 
subcaudals are centrally punctated. The rostral and the nasals are dotted with 
tiny pores. 


Taxonomic Status and Relationships—Since bressoni is known from but 
one specimen, we can only guess at its relationships. The presence of the post- 
ocular readily distinguishes it from all other known American Leptotyphlops; 
if this proves to be a consistent character in later specimens, its validity will be 
undoubted. The split anterior supralabial suggests an affinity to myopicus, to 
which it has other resemblances. It likewise seems allied to L. macrolepis Peters, 
1857, a Venezuelan form, also characterized by a split anterior supralabial. 
Macrolepis has larger supraoculars and is darker than bressoni; also it lacks 
postoculars. But although less heavily pigmented, bressoni is reminiscent of 
macrolepis in having the centers of the ventral and subcaudal scales punctated, a 
conspicuous character in macrolepis. Bressoni may some day prove to be a link 
between myopicus and macrolepis, thus connecting the non-albifrons worm snakes 


of North and South America. 


Leptotyphlops humilis humilis (Baird and Girard) 


WESTERN WorM SNAKE 
(Plate 6) 


1853. Rena humilis Baird and Girard, Cat. N. Amer. Rept., Pt. 1, p. 143. Type 
locality: Valliecitas, California. Type specimen: USNM 2101. 

1861. Stenostoma humile Cope, Proc. Acad. Nat. Sci. Phila., Vol. 13, p. 305. 

1893. Glauconia humilis Boulenger, Cat. Snakes of British Museum, Vol. 1, p. 
70. 

1897. Siagonodon humilis Van Denburgh, Occ. Papers, Calif. Acad. Sci., 5, 
p. 150. 
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1907. Leptotyphlops humilis Ruthven, Bull. Am. Mus. Nat. Hist., Vol. 23, 
ok SEE 

1931. Leptotyphlops humilis humilis Klauber, Trans. S. D. Soc. Nat. Hist., 
Vol. 6, No. 23, p. 340. 


Distribution —The coastal and cismontane area of southern California, and 
northern and central Lower California, from Santa Barbara to San Ignacio. 
Also the Mojave Desert and eastward of the Sierras, from the Death Valley 
region, through the southern tip of Nevada, to central and southeastern Arizona; 


also Cedros Island. 


Diagnosis —Humilis humilis is a subspecies characterized by a medium 
dorsal scale count (centering, in its most typical area, at 265 to 280, average 
272), and the dark brown pigmentation of 7 or 9 mid-dorsal scale rows. From 
dulcis, dissectus, myopicus, maximus, and bressoni it may be distinguished by its 
Jack of supraoculars; although rarely an aberrant specimen, far from dulcis 
territory, has been found with supraoculars. From segregus and tenuiculus, 
humilis humilis may be distinguished by the presence of 12 scale rows around 
the tail, whereas the others have 10. It is separated from the other humilis sub- 
species by differences in dorsal scale counts, and the extent and darkness of color 
on the median dorsal scale rows—except in the case of utahensis, which is 
characterized by a split fourth dorsal scale or a widened fifth. 


Material —The description of the subspecies humilis humilis which follows 
is founded on specimens from western San Diego County, of which about 60 have 
been available. These have been considered the basic specimens, since, from 
what is known about the type, it probably came from this locality. Specimens 
to the number of 82 (including cahuilae intergrades) are at hand from other 
areas. These are discussed under relationships and intraspecific trends. 


Description—The body is almost cylindrical from head to tail. The head 
is slightly distinct; the tail is somewhat reduced in diameter and terminates in 
a sharp spine. In side view the head is moderately depressed and slants down- 
ward and forward from the ixteroccipital. The snout is rounded and extends 
considerably beyond the lower jaw, which is inset. Viewed from above the head 
is widest at the occipitals, whence-it narrows forward to the nostrils and is then 
rounded about the snout; a slight indentation is often evident just anterior to 
the eye. The longest available specimen measured 315 mm. over-all. Specimens 
exceeding 300 mm. probably represent about 7 per cent of the population. The 
smallest individual measures 103 mm. The ratio of the body length to the 
diameter averages about 55; half the specimens will fall between 50 and 60. 
The ratio of the body length over-all to the tail length is about 21; half the 
specimens will fall between 19% and 22%. 

The body is covered with 14 rows of smooth and imbricate scales of 
approximately uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals. There are 12 rows around the tail, the reduction 
from 14 being effected at the base of the tail. The anal is entire. The mid- 
dorsal scale count, from rostral to tail spine (but not counting either) averages 


271.98 0.83; extreme range 257 to 283; interquartile range 267.8 to 276.2; 
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coefhcient of variation 2.3 per cent. The subcaudals average 17.86+0.20; 
extreme range 15 to 21; interquartile range 16.9 to 18.8; coefficient of variation 
7.9 per cent. 


The rostral is curved from the underside of the upper jaw over the snout, 
reaching back sometimes to a point even with the anterior of the eye, often not 
this far. It never reaches the center of the eye. The rostral is wedge-shaped, 
but the posterior tip is rounded. At the level of the nostril the rostral is wider 
than either the nasal or ocular. 


The supralabial series comprises (besides the rostral) 4 scales on each side: 
an inferior nasal, an anterior supralabial, an ocular, and a posterior supralabial. 


The nasal is divided into two parts, a superior and an inferior, by a suture 
through the nostril. The suture is directed upward as it approaches the rostral. 
The superior nasal is larger than the lower part; it narrows as it approaches the 
prefrontal, which scale prevents a contact with the other nasal on the opposite 
side. The inferior nasal narrows toward the lip; it is widest below the nostril. 
The anterior supralabial is higher than wide; it has the appearance of having 
been cut out of the nasal, as the posterior edge of the superior nasal is a 
continuation of the same edge of the anterior supralabial. The posterior edge of 
the anterior supralabial is longer than the other edge. The ocular is the largest 
head scale, with the exception of the rostral. It narrows somewhat toward the lip. 
The eye is centered in the ocular; it appears as a black spot beneath the skin, 
the surface of which is not raised because of the presence of the eye. Around 
the black spot is a light ring. The posterior supralabial is about as high as wide, 
triangular, but with the apex cut off. It occupies more lip space than any other 
scale except the rostral. 


The parietals are large, more than twice as long as wide; they contact the 
posterior supralabials. The occipitals are of about the same size, except that 
they are somewhat narrowed laterally. A small temporal, the beginning of a 
body scale-row, is interposed between each occipital and the posterior supralabial 
on that side. 


Of the mid-dorsal series there is usually an increase in size from the 
prefrontal, through the frontal, to the interparietal. The interoccipital is usually 
slightly smaller than the interparietal, and is about the same size as the succeeding 
mid-dorsal row. Occasionally the scales of this row are somewhat widened for 
6 to 8 scales behind the interoccipital. 


The mental is small, triangular, and indented to form an avenue for the 
tongue. The infralabials are difficult to see, since they are hidden by the over- 
hanging upper jaw; there are 4 on each side. The chin-shields are much smaller 
than the ventrals, into which they merge immediately behind the head. 


The scales of the top and sides of the head are dotted with tiny pits. 


The 7 median dorsal scale rows are medium to dark brown (alcoholic 
colors). Occasionally this color extends to an additional row on either side; 
when this is the case the last row is irregularly pigmented, often single scales 
along these rows being quite clear. Close examination shows the color to be 
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applied by means of many tiny punctations, very close together. Often the scales 
appear to be darker on the edges; this seems to depend somewhat on the condition 
of the skin with respect to shedding and is probably due to the overlapping of the 


scales. 


The head is brown above but the lips are usually light; the under-jaw is 
always light. There are often light scales in the temporal series. Frequently 
toward the tail there are light scales in the third row below the mid-dorsal on 
each side. Below the dorsal brown, the sides and belly are cream or light buff. 
Occasionally the anal is faintly spotted with brown. 


Taxonomic Status and Relationships. Intrasubspecific V ariation—Humilis 
humilis was described from a specimen of somewhat uncertain locality, as was 
discussed at length in a previous paper.? The type specimen is now broken, and 
as the dorsal counts were not given in the original description they can never be 
ascertained. Because of its dark color we assume that the type is best exemplified 
by specimens from cismontane San Diego County, and we will therefore begin 
with the snakes of that area as the basic humilis. Compared with other subspecies 
of humilis, these typical humilis humilis have two notable characters: (1) The 
dorsal color is darker than that of the snakes of any other area, 7 and occasionally 
9 median dorsal rows being pigmented with dark brown;!° (2) the dorsal scale 
count is moderate, with a mean of 272, an interquartile range of 268 to 276, and 
an extreme range of 257 to 283. 


On the coastal side of the mountains this snake is known to range from 
Santa Barbara, California, on the north, to San Ignacio, Lower California, on 
the south. The Lower California range may be broken by intrusions or isolated 
groups of cahuilae. As we go southward from San Diego County there seems 
to be a slight tendency toward an increase in dorsals and a lightening of color; 
northward from San Diego there may be a decrease in dorsals with little or no 
change in color. The specimens from outside of San Diego County are too few 
to prove these trends definitely; it is probable that there is little variation in 
these cismontane snakes from Santa Barbara, California, southeastward 350 miles 
at least to San José (Lat. 31°), Lower California; certainly no variation 
approaching that observed between humilis humilis and cahuilae as we cross the 
Peninsula Range in San Diego County, a distance of less than 20 miles. 


Eastward of the mountains this change is quite remarkable. While we do 
not have available a complete series through any of the mountain passes, the 
altitudes are such that intergradation with cahuilae probably takes place at a 
number of places. Certainly it occurs through the San Gorgonio Pass in River- 
side County; via the San Felipe into Warners, and also between Carrizo and 
La Posta, in San Diego County; and, further south in Lower California, at 
Valle Trinidad and similar passes. 


Taking San Diego County specimens only, we have the following major 
differences between humilis and cahuilae: 


9 Klauber, 1931, p. 343. 


10 This discussion is premised on alcoholic specimens. 
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CHARACTER Humilis Cahuilae 
Color of dorsals 7-9 rows heavily 5 rows lightly 
pigmented with punctated with 
dark brown light brown 
Dorsal Scale Counts 
Mean Die 293 
Interquartile range 268-276 289-297 
Extreme range 257-283 280-305 


Of San Diego County cahuilae, or cahuilae-humilis intergrades, we have 
good series from two points on the desert side of the mountains: (1) from 
Scissors Crossing (altitude 2400 feet) to the foot of the Sentenac Canyon 
(altitude 1350 feet); and (2) from Yaqui Well (altitude 1270 feet), the type 
locality of cahuilae, to The Narrows (altitude 1100 feet). The first area is a 
rocky canyon containing a perennial stream; the second a rocky desert wash. 
The first area produces worm snakes which are typical cahuilae in dorsal scale 
counts, but are intermediate in color between humilis and cahuilae, there being 
usually 7 light brown to gray dorsal scale rows. In the Sentenac series there are 
three specimens which are as dark as the lightest of the cismontane humilis, and 
there is one specimen almost as light as the lightest true cahuilae. Thus, as we 
proceed down the eastern slope of the mountains, we find that the dorsal scale 
count changes from humilis to cahuilae first, followed by a more gradual change 
in color. 

But to the north, through the San Gorgonio Pass, which is lower and entails 
a more gradual transition than the San Felipe, the characters appear to modify 
in the reverse order. Here, the few available specimens indicate a change to the 
characteristic light color of cahuilae first, before the increase in number of dorsal 
scales begins; for specimens from along Snow Creek near Whitewater, Riverside 
County, are almost as light as true cahuilae, but the dorsal scales average only 
268 (7 specimens). Yet a little to the south, but higher in the mountains (at 
Nightingale’s Ranch on the west slope of Mt. San Jacinto), we again encounter 
color intermediates between humilis and cahuilae, with the high dorsal scale 
counts of cahuilae. 

So we have the peculiar situation that in the transition from one subspecies 
to the other, the two important characters in which they differ are not modified 
gradually and coincidentally. On the contrary, through the lowest pass the dark 
color of the coastal form changes quickly to the light color of the desert; but 
the high scale counts characteristic of the desert subspecies are acquired further 
eastward. But where the change takes place at higher altitudes, the high scale 
counts are acquired first (proceeding from west to east), while the change in 
color is effected later. Thus the taxonomic position of these intergrades is often 
likely to prove troublesome, for classification by dorsal scale counts will throw 
them into a different subspecies from classification by color. 

As we leave the east bases of the San Jacinto and San Bernardino mountains 
and pass northeasterly across the Mojave Desert, we find a more gradual tendency 
toward change, evident in a slight increase in scale counts and reduced 
pigmentation. This is seen in the few specimens available from San Bernardino 
County, the Death Valley region of Inyo County, and the southern tip of 
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Nevada. These specimens show the desert tendencies of cahuilae in these 
characters but none attains the cahuilae extremes in either character. Until the 
availability of additional specimens makes a more thorough survey practicable, 
I believe it will be best to place the snakes of this area in the subspecies humilis 
humilis. 

When we reach southwestern Utah we find utahensis, with scale counts as 
high or higher than cahuilae. Superficially these snakes are quite similar to the 
intergrades from Sentenac Canyon, in San Diego County; and, were color and 
scale counts the only differential characters available, I would be compelled to 
consider utahensis invalid. However, as discussed under the latter form, the 
Utah specimens are also characterized by a longitudinally divided fourth dorsal 
scale; or, if this be entire, by an exceedingly wide fifth dorsal scale, sharply 
contrasting with the sixth, characters not seen in the San Diego County inter- 
grades. Therefore, utahensis may be recognized as a valid subspecies, probably 
intergrading with humilis humilis along the Virgin River. A single specimen 
from Nevada (from Boulder Dam) is tentatively placed with humilis humilis; 
it is somewhat higher in scale count and lighter in color than typical coastal 
specimens, but does not show the exaggerated width of the fifth dorsal 
characteristic of utahensis, although there is some increase over the fourth. This 
specimen is unusually attenuated (L/D=75). Additional specimens from this 
area should be checked for this character. 


Proceeding southeast into Arizona we find the snakes of the Phoenix- 
Tucson area to be nearer humilis humilis than to any other form, and they are 
therefore allotted to that subspecies, unless they have 10 scale rows around the 
tail, in which case they are referred to segregus. Both the average mid-dorsals 
(274) and the range (263-291) are slightly higher than in typical humilis 
humilis from San Diego County (corresponding figures 272 and 257-283), 
thus showing some cahuilae tendencies, as do the snakes of the Mojave. The 
same is true of color, for most of the Arizona snakes have 7 medium-, or light- 
brown, dorsal rows. But a few, especially from the vicinity of Phoenix, are quite 
dark, closely approaching those from the coast. Also, from Wickenburg south- 
easterly, we have an increasing proportion of specimens with 10 scale rows around 
the tail (characteristic of segregus). Thus Wickenburg to Tucson is an area of 
intergradation with segregus, as discussed under the latter form. We may expect 
to find intergrades between humilis humilis and cahuilae between Gila Bend and 
Phoenix. 

In this relationship between the snakes of the coast, the Colorado and 
Mojave deserts, and those of central Arizona we find a trend observable in a 
number of genera and species, wherein the forms of central Arizona are more 
closely related to those of the Mojave Desert, and even to cismontane southern 
California, than to those of the nearby Colorado Desert (Cahuilla Basin). 
Examples are Lampropeltis, Rhinocheilus, Lichanura, and Crotalus viridis 
oreganus, the last two not being present at all in the Colorado Desert basin. 


Thus far only one Pacific island—Cedros—is known to harbor worm snakes, 
but I suspect that they will eventually be found on others, Santa Catalina and 
San Clemente particularly. Cedros has a high percentage of indigenous forms 
and the worm snake, while not differing from humilis humilis in either dorsal 
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scale counts or color, does show some differences in scale arrangements. However, 
only two specimens are available, and one of these, being dried and of little 
utility, it is deemed inadvisable to suggest a taxonomic differentiation until 
more material becomes available. 


Returning to the intergrades from the Sentenac Canyon area, in eastern San 
Diego County, it is interesting to observe that these snakes show the high 
percentage of aberrants often attributed to intergrades. Amongst these 24 
specimens we find one with supraoculars, another with a supraocular on one side. 
Another has the anterior labials fused to the oculars, which in turn meet on the 
mid-dorsal line. Still another has the nasals in contact, between the rostral and 
the prefrontal. Altogether, they comprise an interesting series. 


Locality Records—Humilis humilis has been reported from the following 
localities : 

Lower CALIFORNIA: San Ignacio, San José (Lat. 31°), Cedros Island. 

CALIFORNIA: San Diego County—Valliecitas (=Vallecito?) (type 
locality) , San Diego, Mission Valley, Rose Canyon (=Ladrillo), La Jolla, Del 
Mar, Rancho Santa Fe, Chollas Heights, Alvarado Canyon, Grantville, Sunny- 
side, Lemon Grove, Spring Valley, Grossmont, El Cajon, Bostonia, Lakeside, 
Rock Creek Canyon, Bernardo, San Pasqual, 4 mi. s. of Fallbrook, Cottonwood, 
Dulzura, Jamul, Chocolate Creek, Viejas, El Capitan, Eagle Peak, Shady Dell. 
Wildwood, Ramona, Sutherland, Valley Center, Rincon, Red Mountain, 
Palomar; Orange County—Santiago Canyon (near Hot Springs); Los Angeles 
County—Chatsworth Park, Elizabeth Canyon (near Saugus), Dalton Canyon; 
Santa Barbara County—Gibralter Dam; San Bernardino County—San 
Bernardino, Slover Mountain (near Colton); Inyo County—Bennett’s Well 
(Death Valley), 4 mi. n. of Furnace Creek Inn (Death Valley). 

Nevapa: Clark County—Boulder Dam. 

Arizona: Maricopa County—Stewart Mountain Dam, Phoenix, Mesa, 
Cave Creek Dam, 4 mi. s. of Wickenburg, 3 mi. s. of Morristown, Wittmann; 
Pinal County—Casa Grande; Pima County—Santa Rita Mountains, Santa 
Catalina Mountains, Tucson, Sabino Canyon (Santa Catalina Mountains), 
Sycamore Canyon (Santa Catalina Mountins). 


(For localities of humilis-cahuilae intergrades see under cahuilae; also see 
under cahuilae for a discussion of keying non-coincident characters). 


Leptotyphlops humilis dugesii (Bocourt) 


MEXICAN WorM SNAKE 


1879. Stenostoma humile (part), Cope, Proc. Am. Philos. Soc., Vol. 18, p. 
262. 

1881. Catodon dugesii Bocourt, Bull. Soc. Philom. (7) Vol. 6, p. 81. Type 
locality: Colima, Mexico. Type specimen: In Mus. Nat. d’Hist. 
Natur., Paris. 

1882. Siagonodon dugesti Bocourt, Miss. Sci. Mex., Reptiles, p. 507. 

1887. Rena dugesii Cope, Bull. U. S. Nat. Mus., No. 32, p. 64. 

1891. Rena humilis (part) Stejneger, Proc. U. S. Nat. Mus., Vol. 14, p. 501. 
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1893. Glauconia humilis (part) Boulenger, Cat. Snakes of British Museum, 


Vol. 1, p. 70. 

1899. Siagonodon humilis McLain, Contributions to Neotropical Herpetology, 
D2: 

1907. Leptotyphlops humilis (part) Ruthven, Bull. Am. Mus. Nat. Hist., Vol. 
23, p. 573. 


1931. Leptotyphlops humilis humilis (part) Klauber, Trans. S. D. Soc. Nat. 
Hist., Vol. 6, No. 23, p. 340. 


Distribution —The distribution is imperfectly known at present. Specimens 
have been available from the Mexican states of Colima, Jalisco, Sinaloa and 
Guanajuato. No doubt it also occurs in the intermediate and some of the 
surrounding states. 


Diagnosis—A subspecies characterized by a low dorsal scale count (234- 
257) and the medium pigmentation of seven to nine mid-dorsal scale rows. 


Material —This description of the subspecies dugesii is based on three 
specimens seen, and partial data on three others received through correspondence. 


Description —The body is sub-cylindrical from head to tail. The head is 
slightly distinct; the tail is somewhat reduced in diameter and terminates in a 
sharp spine. Viewed from the side, the head is slightly depressed, slanting 
downward and forward from the interoccipital. The snout 1s rounded and 
extends considerably beyond the lower jaw, which is inset. From above, the head 
appears widest at the occipitals, whence it narrows forward to the nostrils and is 
then rounded about the snout. The longest available specimen measured 187 
mm. over-all; the smallest 97 mm. The ratio of the body length to the diameter 
averages about 48. The ratio of the body length over-all to the tail length is 
about 19. 

The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals. There are 12 rows around the tail, the reduction 
from 14 being at the base of the tail. The anal is entire. The mid-dorsal scale 
count, from rostral to tail spine (but not counting either) , averages 242; extreme 
range 235 to 257 (235, 236, 239, 245, 257). The subcaudals number about 17. 

The rostral is curved from the underside of the upper jaw over the snout, 
reaching back to a point even with the anterior edge of the eye. The rostral is 
wedge-shaped, but the posterior end is rounded. At the level of the nostril the 
rostral is no wider than the nasal, but is wider than the ocular. 

The supralabial series comprises (besides the rostral) 4 scales on each side: 
an inferior nasal, an anterior supralabial, an ocular, and a posterior supralabial. 

The nasal is divided into two parts, a superior and an inferior, by a suture 
through the nostril. The suture is directed upward as it approaches the rostral. 
The superior nasal is larger than the lower part; it narrows toward the prefrontal, 
which prevents a contact with its fellow on the other side. The inferior nasal 
narrows at the lip; it is widest at the top. The anterior supralabial is higher than 
wide; it has the appearance of having been cut out of the nasal, as the posterior 
edge of the superior nasal is a continuation of the same edge of the anterior 
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supralabial. The ocular is narrower than the nasal or rostral; it narrows some- 
what at the lip. The eye is anterior to the center of the ocular; it appears as a 
black spot beneath the skin, the surface of which is not raised by reason of the 
presence of the eye. The posterior supralabial is about as high as wide, triangular, 
but with the apex cut off. It takes up more lip space than any other scale except 
the rostral. 

The parietals are large, more than twice as long as wide; they contact the 
posterior supralabials. The occipitals are of about the same size, except that 
they are somewhat narrowed ventro-laterally. A small temporal, the beginning 
of a body scale-row, is interposed between each occipital and the posterior 
supral abial on that side. 

Of the mid-dorsal series, the prefrontal is the smallest; the three scales 
following are of substantially equal size. 

The mental is small and triangular. There are 4 infralabials on each side. 
The chin-shields are much smaller than the ventrals, into which they intergrade 
immediately behind the head. 

The scales of the top and sides of the head are dotted with tiny pits. 

The 7 median dorsal scale rows are medium-brown (alcoholic colors). Oc- 
casionally 9 rows are pigmented. The head is brown above, but the rostral and 
nasals are somewhat lighter. Below the dorsal brown, the sides and belly are 
cream or light buff. 


Taxonomic Status and Relationships—The nomenclatorial situation with 
respect to L. h. dugesii and L. h. tenuiculus must, for the present, remain uncer- 
tain because of the European situation and the resultant impossibility of securing 
essential data on the type of dugesii in the Paris Museum. Geographically, the 
two nearest specimens to the type locality of dugesii (Colima), are USNM 
49,632 from Talpa, Jalisco, and USNM 48,737 from Guanajuato. Both of these 
specimens have 12 scale rows around the tail. I have therefore assumed that the 
type of dugesii likewise has 12 rows; and, as the type of tenuiculus has only 10, I 
have considered the latter a valid subspecies. If the future should disclose an 
error in this supposition, and the type of dugesii has only 10 scale rows around 
the tail, then tenuiculus will become a synonym of dugesii, and the snakes from 
Guanajuato, Jalisco, and southern Sinaloa having 12 scale rows should be assigned 
a new subspecific name. It should be understood that the description of dugesii 
given above, and the succeeding remarks are all premised on the correctness of 
the guess respecting the type; if this guess is wrong, then these data are really 
applicable to the new, undescribed subspecies. 

Dugesii is the most southerly known subspecies of humilis and has the lowest 
dorsal scale counts, with the exception of tenuiculus. It seems to be most closely 
allied to slevini of extreme southern Lower California, although further collecting 
in Sonora and Chihuahua may disclose intergradation with either humilis humilis 
or tenuiculus, or both, with a gradual increase in the number of dorsals as the 


U. S. border is approached. 


Locality Records ——Dugesii has been collected at the following places in 
central Mexico: Colima, Colima; Talpa, Jalisco; Mazatlan and Presidio, Sinaloa; 
and Guanajuato, Guanajuato. 
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Leptotyphlops humilis slevini Klauber 


SAN LucAN WorM SNAKE 


1861. Stenostoma humile (part) Cope, Proc. Acad. Nat. Sci. Phila., Vol. 13, 
p. 305. 

1887. Rena humilis Cope, Bull. U. S. Nat. Mus., No. 32, p. 64. 

1893. Glauconia humilis (part) Boulenger, Cat. Snakes of British Museum, 
Vola lps 0: 

1907. Leptotyphlops humilis (part) Ruthven, Bull. Am. Mus. Nat. Hist., Vol. 
23, p. 573. 

1917. Siagonodon humilis (part) Stejneger and Barbour, Check List N. Amer. 
Amph. Rept., p. 73. 

1931. Leptotyphlops humilis slevini Klauber, Trans. S. D. Soc. Nat. Hist., Vol. 
6, No. 23, p. 338. Type locality: La Paz, Baja California, Mexico. 
Type specimen: CAS 53,721, collected by J. R. Slevin, June 2, 1921. 


Distribution Extreme southern Baja California, Mexico. 


Diagnosis.—A subspecies of humilis humilis characterized by dorsal scale 
counts of 244-269 and only 5 lightly-pigmented scale rows. 


Material—This description of the subspecies humilis slevini is based on 
examination of 13 specimens from the Cape Region of Lower California. 


Description—The body is almost cylindrical from head to tail. The head 
is slightly distinct; the tail is somewhat reduced in diameter and terminates in 
a sharp spine. Viewed from the side the head is moderately depressed and slants 
forward and downward from the interoccipital. The snout is rounded, but 
somewhat less so than in humilis humilis; it extends considerably beyond the 
lower jaw, which is inset. Viewed from above the head is widest at the occipitals, 
whence it narrows forward to the nostrils and is then curved about the snout. 
There is a flattened area at the eye and a slight bulge at the nostril. The longest 
available specimen measures 253 mm. over-all; the smallest 91 mm. The ratio 
of the body length to the diameter averages about 49. The ratio of the body 
length over-all to the tail length is about 23. 


The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals, except that the mid-dorsals are somewhat widened 
on the neck. There are 12 rows around the tail, the reduction from 14 occurring 
at the base of the tail. The anal is somewhat pointed and is entire. The mid- 
dorsal scale count, from rostral to tail spine (but not counting either) , averages 
253; extreme range 244 to 269. The counts in twelve available specimens are 
244 (2), 246, 247, 2505 2516 (2)5 253,,.257,) 259) 268,269) Mihersubcaudals 
average 15, the extreme range being 12 to 18. 

The rostral is curved from the underside of the upper jaw over the snout, 
not reaching back to a point even with the anterior edge of the eye. The rostral 
is wedge-shaped, but the posterior end is broadly rounded. At the level of the 
nostril the rostral is considerably wider than either the nasal or ocular. 
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The supralabial series comprises (besides the rostral) 4 scales on each side: 
an inferior nasal, an anterior supralabial, an ocular, and a posterior supralabial. 
The nasal is divided into two parts, a superior and an inferior, by a suture 
through the nostril. The suture is directed upward as it approaches the rostral. 
The superior nasal is larger than the lower part; it narrows as it approaches the 
prefrontal, which prevents a contact with its fellow on the other side. The inferior 
nasal narrows as it approaches the lip; it is widest at the top. The anterior 
supralabial is higher than wide; it is pointed at the top, with the point on the 
posterior edge. The ocular is the largest head scale, excepting the rostral. It 
narrows somewhat as it approaches the lip. The eye is anterior to the middle of 
the ocular; it appears as a black spot beneath the skin, the surface of which is 
not raised by reason of its presence. The posterior supralabial is about as high 
as wide, triangular, but with the apex cut off. It occupies more lip space than 
any other scale except the rostral. 

The parietals are large, more than three times as long as wide; they contact 
the posterior supralabials. The occipitals are of about the same size, except that 
they are somewhat narrowed ventro-laterally. A temporal is interposed between 
each occipital and the posterior supralabial on that side. 


Of the mid-dorsal series the first four scales (prefrontal to interoccipital 
inclusive) are substantially equal in size. Posteriorly, on the neck, the scales of 
the mid-dorsal series are somewhat widened transversely. 

The mental is small and triangular. The infralabials number 4 on each 
side. The chin-shields are much smaller than the ventrals into which they merge 


immediately behind the head. 


The scales of the top and sides of the head, as far back as the parietals, 
are dotted with tiny pits. 

The 5 median dorsal scale rows are medium to light brown (alcoholic 
colors). The color is applied by means of many tiny punctations. Often the 
scales appear to be darker on the edges. The color below is tan or cream; there 
ss less contrast than in humilis humilis. The head is brown above but the rostral, 
lips, and under-jaw are light. 


Taxonomic Status and Relationships—Slevini falls between dugesii and 
humilis humilis in dorsal scale counts; and between dugesii and cahuilae in color. 
It probably intergrades with humilis humilis between La Paz and San Ignacio, 
but nevertheless is most closely related to dugesii, from which it is not strongly 
differentiated. Such a relationship between the Cape Region forms and those of 
adjacent mainland Mexico are frequent, examples being found in Lichanura, 
Phyllorhynchus, Trimorphodon, and Crotalus (cinereous group). Worm snakes 
should be present from La Paz north to San Ignacio; and, because of the 
changing ecological conditions in this area, we may expect a considerable 
variation in them, exemplified by diverse dorsal scale counts and colors. 


Locality Records —Slevini has been collected at the following localities, all 

in the Cape Region of Baja California: La Paz (type locality), Cape San Lucas, 

« Eureka, San José del Cabo, Santa Anita, San Francisquito, and Sierra de la 
Laguna. 
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Leptotyphlops humilis cahuilae Klauber 
DESERT WorM SNAKE 
1861. Stenostoma humile (Part) Cope, Proc. Acad. Nat. Sci. Phil., Vol. 13, 
p. 305. 


1891. Rena humilis (part) Stejneger, Proc. U. S. Nat. Mus., Vol. 14, p. 501. 
1893. Glauconia humilis (part) Boulenger, Cat. Snakes of British Museum, 


Vol. 1, p. 70. 

1907. Leptotyphlops humilis (part) Ruthven, Bull. Am. Mus. Nat. Hist., Vol. 
23 3p. 973: 

1912. Siagonondon humilis Van Denburgh, Proc. Cal. Acad. Sci., Ser. 4, Vol. 
aepe los: 


1931. Leptotyphlops humilis cahuilae Klauber, Trans. S. D. Soc. Nat. Hist., 
Vol. 6, No. 23, p. 339. Type locality: Yaqui Well, San Diego County, 
California. Type specimen: LMK 2637. 


Distribution—The Colorado and Yuma deserts of southeastern California 
and southwestern Arizona. Probably also present, but not yet reported, in north- 
eastern Lower California and extreme northwestern Sonora, Mexico. It also 
occurs in the Vizcaino Desert of central Lower California. 


Diagnosis—A subspecies characterized by high dorsal scale counts (280 
to 305), and the lightest color of all the subspecies, only 5 of the mid-dorsal scale 
rows being faintly dotted with brown. 


Material—I have had available for examination 16 specimens from the 
type locality and nearby points at the eastern base of the Peninsula Range; 11 
from the Yuma area; 4 from desert areas in Riverside and San Bernardino 
Counties; and 3 from the Vizcaino Desert in central Lower California. In 
addition, I have a series of 24 humilis-cahuilae intergrades from the Sentenac 
Canyon region of San Diego County; and 9 intergrades from farther north at 
the foot of Mt. San Jacinto, or on the mountain slopes. 


Description—This description of the subspecies humilis cahuilae is based 
on 16 specimens from near the type locality in eastern San Diego County, and 
11 from the vicinity of Yuma, Arizona. Specimens from areas showing inter- 
gradation with L. humilis humilis have been omitted from consideration in 
describing the typical form. 

The body is substantially cylindrical from neck to tail. The head is slightly 
distinct; the tail is somewhat reduced in diameter and terminates in a spine. 
Viewed from the side the head is moderately depressed and slants downward 
from the interoccipital forward. The snout is rounded and extends considerably 
beyond the lower jaw, which is inset. From above the head is widest at the 
occipitals, whence it narrows forward to the nostrils and is then rounded about 
the snout. There is a slight indentation just anterior to the eye. The longest 
available specimen—one from Yuma, Arizona—measures 389 mm. over-all; 
this is the largest worm snake of the genus Leptotyphlops that I have seen from 
any place in the Americas. Specimens exceeding 300 mm. probably represent 
about 10 per cent or more of the population. The smallest available individual » 
measures 119 mm. The ratio of the body length to the diameter averages about 
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60; half the specimens will fall between 55 and 65. There seems to be a slight 
difference between the snakes of the Yaqui Well and Yuma districts in this 
character, the latter being somewhat slimmer. The ratio of the body length 
over-all to the tail length is about 22; half the specimens will fall between 20.5 
and 23.5. 

The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals. There are 12 rows around the tail, the reduction 
from 14 being at the base of the tail. The anal is entire. The mean of the mid- 
dorsal scale count, from rostral to tail spine (but not counting either) is 
294.684 1.37; extreme range 280 to 305; interquartile range 290.1 to 299.3; 
coefficient of variation 2.36 per cent. The subcaudals average 17.38+0.31; 
extreme range 16 to 21; interquartile range 16.34 to 18.41; coefficient of variation 
8.81 per cent. 

The rostral is curved from the underside of the upper jaw over the snout, 
reaching back sometimes to a point even with the anterior edge of the eye, but 
usually not so far. It never reaches the center of the eye. The rostral is wedge- 
shaped, but the point is rounded. Occasionally the rostral barely touches the 
prefrontal, so that the superior nasals almost meet. At the level of the nostril 
the rostral is wider than the nasal and slightly wider than the ocular. 

The supralabial series comprises (besides the rostral) 4 scales on either 
side: an inferior nasal, an anterior supralabial, an ocular, and a posterior supra- 
labial. 

The nasal is divided into two parts, a superior and an inferior, by a suture 
through the nostril. The suture is directed upward as it approaches the rostral, 
and the nostril is somewhat nearer the rostral than the ocular. The superior 
nasal is larger than the lower part; it narrows as it approaches the prefrontal, 
which prevents a contact with its fellow on the other side, although the two 
nasals sometimes almost meet. The inferior nasal narrows as it approaches the 
lip, it is widest at the nostril. The anterior supralabial is higher than wide; it is 
pointed at the top, with the posterior edge longer than the anterior. The ocular 
is the largest head scale, excepting only the rostral. It narrows somewhat as it 
approaches the lip. The eye is located somewhat forward of the ocular; it 
appears as a black spot beneath the skin, the surface of which is not raised by 
reason of the presence of the eye. The posterior supralabial is about as high as 
wide, triangular, but with the apex truncated. It occupies more lip space than 
any other scale except the rostral. 

The parietals are large, more than twice as long as wide; they have a wide 
contact with the posterior supralabials. The occipitals are of about the same size 
as the parietals, except that they are somewhat narrowed ventro-laterally. A 
small temporal is interposed between each occipital and the posterior supralabial 
on that side. 

Of the mid-dorsal series there is usually an increase in size from the 
prefrontal, through the frontal, to the interparietal. The interoccipital is usually 
about equal to the interparietal or somewhat smaller. The succeeding mid-dorsal 
scales are often widened across the body and narrowed in a longitudinal 
direction. 
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The mental is small, triangular, and indented to form an avenue for the 
tongue. The infralabials are difficult to see, since they are hidden by the over- 
hanging upper jaw; there are 4 on each side. The chin shields are much smaller 
than the ventrals with which they intergrade immediately behind the head. 

The scales of the top and sides of the head are dotted with tiny pits. 

This is much the lightest of our North American worm snakes. Many 
specimens appear almost white (in alcohol), yet a close examination will show 
the 5 median dorsal scale rows to be faintly punctated with light brown. Usually 
the scales are without stippling on the edges. Below the color is cream to white; 
specimens from Yuma often have a pinkish tinge. The head is the color of the 
ventral surface. The eye is black, in sharp contrast to the head and body colors. 


Taxonomic Status and Relationships. Intrasubspecific V ariations —This 
subspecies, characterized by its high dorsal scale count and light color, in its 
most typical areas, is a well differentiated form. It comprises an intrusion from 
the south, via the basin of the lower Colorado River, into the territory of 
L. humilis humilis. On the edges of this basin there are areas of intergradation 
in which there is a considerable variability, representing different combinations 
of the several characters in which the two subspecies differ. These variations 
are discussed under humilis humilis. Their peculiar nature suggests that the two 
subspecies may have been separated geographically for a considerable time (by 
ancient Lake Cahuilla, for example) during the period of differentiation, and 
may then have recontacted and interbred. If we designate the dorsal scale count 
and color characters by capital and lower case letters respectively, humilis humilis 
being Aa and cahuilae Bb, we have the peculiar situation that some of the 
intergrades are Ab while in other areas they are aB. In still others they seem 
about halfway between in both characters. ; 

A practical problem arises in the preparation of a key, as to how the two 
characters distinguishing cahuilae from humilis humilis shall be manipulated, since 
in the intergrading area they do not change simultaneously. I favor the use of 
color and pattern as the primary character, relegating the dorsal scale counts to 
a secondary place. This is not because the latter are less important but because 
the former are so much easier to determine. Keying in this manner will place 
mountainside specimens from such points as Scissors Crossing, Sentenac Canyon 
and Nightingale’s in the subspecies humilis, notwithstanding their high dorsal 
counts; while those from near Whitewater would probably be allocated to 
cahuilae. This method will also simplify the classification of the specimens from 
around Phoenix and Tucson, a few of which have dorsal counts above 280. But 
one must be careful that the color (or its absence) is normal for preserved 
material and not produced by artificial fading. If there be doubt it is best to fall 
back on the scale count. 

I have had cause to regret the selection I made of the type of cahuilae. 
Yaqui Well, the type locality, is only 3 miles from Sentenac Canyon, where 
intermediates occur; and although the color of the type specimen is typical of 
the subspecies as now known, the dorsal scale count is low, 282, compared to a 
subspecific average of 295. It would have been better to have chosen a type 
from The Narrows, farther out on the desert, or even from across the Cahuilla 
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Basin at Yuma; for the specimens from those points differ more widely and 
uniformly from humilis humilis. 

There is no significant difference in dorsal scale counts between the snakes 
of the Yaqui Well and Yuma areas. There may be a slight color difference, 
as the Yuma specimens are somewhat pinker; however, I am not sure on this 
point, since the methods of preservation were not exactly the same in the two 
lots. Radiating out from these areas there is a tendency toward fewer dorsal 
scales and more dorsal pigmentation; the latter is manifested both in more rows 
pigmented, and darker color. 

There is little possibility that the snakes of the Vizcaino Desert in Lower 
California are territorially connected with those of the Yuma and Colorado 
deserts, although extensions from the latter might be expected as far south as 
Punta San Felipe or Punta San Fermin, on the Gulf Coast of Lower California. 
Thus this isolated group in the Vizcaino Desert either represents a residue of a 
former intrusion from Sonora, or a development from the surrounding humilis 
humilis under the same ecological conditions that have produced cahuilae in the 
other desert. 


Locality Records.—Cahuilae, in its typical form, has been collected at the 
following places: 

Lower CALtForNIA: San Angelo (Vizcaino Desert). 

CauirorNiA: San Diego County—Yaqui Well (type locality), 1 mi. w. 
of Yaqui Well, The Narrows (also 4 mi. w., 1 mi. w., and 1 mi. e.), San Felipe 
Wash (indefinite), Agua Caliente Spring (near Vallecito), Borego Palm 
Canyon; Riverside County—8 mi. e. of Desert Center; San Bernardino County— 
Needles.!! 

Arizona: Mohave County—Fort Mohave; Yuma County—Yuma,'* 
Somerton; Maricopa County—Gila Bend. 

I would characterize as humilis-cahuilae intergrades, specimens from the 
following localities in California: San Diego County—Banner (might be pure 
humilis), Scissors Crossing, Sentenac Canyon, Tubb’s Canyon; Riverside 
County—Snow Creek near Whitewater, Nightingale’s (and 3 mi. n.), County 
Line s. of Morongo; San Bernardino County—Newberry Spring, Morongo 
Valley. 


Leptotyphlops humilis utahensis Tanner 


UTAH WorM SNAKE 


1935. Siagonodon humilis Tanner, Proc. Utah Acad. Sci. Arts and Letters, 
Vol. 12, p: 267. 

1938. Leptotyphlops humilis utahensis Tanner, Proc. Utah Acad. Sci. Arts and 
Letters, Vol. 15, p. 149. Type locality: Saint George, Washington 


11 A poor specimen, possibly should be allocated to humilis. 

12 Some of the early Yuma specimens are recorded from Fort Yuma and may have come 
from the California side of the river, in what is now Imperial County. While this paper 
was in press several specimens of this subspecies were collected at Potholes, Imperial County, 
California, by Wallace F. Wood. They are typically cahuilae, except that some have 7, 
rather than 5 lightly-pigmented dorsal scale rows. 
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County, Utah. Type specimen: BYU 662, collected by V. M. Tanner 
and A. Paxman, April 28, 1938. 


Distribution—At present only known to occur in Washington County, 
extreme southwestern Utah. 


Diagnosis.—A subspecies characterized by a high dorsal scale count (289- 
308) , the medium pigmentation of seven mid-dorsal scale rows, and a proportion 
of transversely divided interoccipital (fourth dorsal) scales; or if the fourth dorsal 
is not divided, the fifth is very much wider than the sixth (fig. 8). 


Material—This description of the subspecies humilis utahensis is based on 
10 specimens from the Saint George area in extreme southwestern Utah, which 


is the type locality. These were loaned to me through the courtesy of Dr. Vasco 
M. Tanner and Mr. Ross Hardy. 


Description —The body is almost cylindrical from head to tail. The head 
is somewhat distinct, more so than in other humilis subspecies; the tail is reduced 
in diameter and terminates in a sharp spine; it appears to taper more gradually 
than in the other subspecies of humilis. Viewed from the side the head is 
moderately depressed and slants forward and downward from a point back of 
the interoccipital. The snout is rounded and extends considerably beyond the 
lower jaw, which is inset. Viewed from above the head is widest at the occipitals, 
whence it narrows forward to the nostrils and is then rounded about the snout. 
There is a slight indentation anterior to the eye. The longest available specimen 
measures 322 mm. over-all; the smallest 114 mm. The ratio of the body length 
to the diameter (adults only) averages about 63. The ratio of the adult body 
length over-all to the tail length is about 21.5. 

The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals (except on the neck) or mid-ventrals. There are 12 rows around the 
tail, the reduction from 14 being at the base of the tail. The anal is entire; it 
may be pointed or have a straight posterior edge. The mid-dorsal scale count, 
from rostral to tail spine averages 300; extreme range 289 to 308. (The counts 
in the ten available specimens are 289, 292, 295, 299, 301 (2), 303, 305 (2), 
308). The subcaudals average 18; extreme range 17 to 20. 

The rostral is curved from the underside of the upper jaw over the snout; 
it does not reach as far back as the eye. The posterior end is rather pointed and 
the contact with the prefrontal is narrow. At the level of the nostril the rostral 
is wider than either the nasal or ocular. 

The supralabial series comprises (besides the rostral) 4 scales on either side: 
an inferior nasal, an anterior supralabial, an ocular, and a posterior supralabial. 
The nasal is divided into two parts, a superior and an inferior, by a suture 
through the nostril. The suture is directed upward as it approaches the rostral; 
the nostril is nearer the rostral than the ocular. The superior nasal is larger than 
the lower part; it narrows toward the prefrontal, which barely prevents a contact 
with its fellow on the other side. The inferior nasal narrows as it approaches 
the lip, it is widest below the nostril. The anterior supralabial is slightly higher 
than wide; it does not reach the level of the eye; it has the appearance of having 
been cut out of the nasal, as the posterior edge of the superior nasal is a continua- 
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tion of the same edge of the anterior supralabial. The posterior edge of the 
anterior supralabial is longer than the other edge. The ocular is the largest head 
scale, excepting only the rostral. It narrows somewhat toward the lip. The eye 
is centered in the ocular; it appears as a black spot beneath the skin, the surface 
of which is not raised by reason of the presence of the eye. Around the black spot 
is a light ring. The posterior supralabial is about as high as wide, triangular, but 
with the apex cut off. It occupies more lip space than any other scale except 
the rostral. 

The parietals are large, more than twice as long as wide; they contact the 
posterior supralabials. The occipitals are of similar size except that they are 
somewhat narrowed ventro-laterally. A small temporal, the beginning of a body 
scale row (the third below the mid-dorsal row), is interposed between each 
occipital and the posterior supralabial on that side. 

Of the mid-dorsal series the prefrontal and the frontal are usually of equal 
size; sometimes the interparietal is of similar size, sometimes larger than the 
scales anterior to it. The interoccipital is always larger than the interparietal, 
and, in 6 specimens out of 10, is divided in two by a longitudinal suture, this 
being characteristic of utahensis as compared with other humilis subspecies. The 
succeeding scales of the mid-dorsal series on the neck are widened transversely. 
The fifth scale is usually distinctly wider than the sixth (fig. 8). 

The mental is narrow and triangular, and is indented to form an opening 
for the tongue. The infralabials are hidden by the overhanging upper jaw; 
there are 4 on each side. The chin-shields are much smaller than the ventrals, 
into which they merge immediately behind the head. 

The scales of the top and sides of the head are dotted with tiny pits. 

The 7 median dorsal scale rows are light grayish-brown (alcoholic colors). 
The color is applied by means of stippling. Often the scales appear to be lighter 
on the edges; this seems to depend somewhat on the condition of the skin with 
respect to shedding and is probably due to the overlapping of the scales. Below 


the color is cream or tan. 


Taxonomic Status and Relationships—Utahensis is clearly an off-shoot of 
humilis humilis, with cahuilae tendencies evident in the high dorsal scale count. 
In fact, in most characters, including scale counts and pigmentation, it is quite 
similar to the humilis-cahuilae intergrades which occur in Sentenac Canyon and 
at Scissors Crossing in eastern San Diego County, California. These localities 
are 3 to 6 miles from the type locality of cahuilae. Similar mediumly-pigmented 
specimens with high dorsal counts are found elsewhere on the eastern slope of 
the Peninsula Range in southern California—for example, at Nightingale’s in 
Riverside County—so utahensis can hardly be validated on the characters con- 
tained in the original diagnosis. But I find that it can often be segregated by a 
split interoccipital which the humilis-cahuilae intergrades lack; this character is 
present in 6 out of 10 specimens of utahensis, and in none out of more than 100 
humilis humilis or h. cahuilae. Where this character is absent it is observed that 
the fifth dorsal is very much wider than the sixth, a condition absent in the other 
subspecies, or present to a less conspicuous extent. Hence I would recognize 
this as a valid form. 

Locality Records —Thus far utahensis has been collected only at Saint George 
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and Santa Clara, Washington County, Utah, these being the only points in 
Utah from which any specimens of Leptotyphlops have been recorded. Terti- 
torially, the nearest specimen to the locality where utahensis is found is one 
collected near Boulder City, Nevada. This specimen is nearer humilis humilis 
than utahensis; the dorsal scale count is intermediate, but the fourth dorsal is 
not divided, nor is the fifth conspicuously widened. Probably intergrades between 
humilis humilis and utahensis will eventually be found along the Virgin River. 


Leptotyphlops humilis segregus Klauber 
Trans-PEcos WorM SNAKE 


1922. Siagonodon humilis (part) Schmidt, Bull. Am. Mus. Nat. Hist., Vol. 
46, Art. 11, p. 682. 

1931. Leptotyphlops humilis humilis (part) Klauber, Trans. S. D. Soc. Nat. 
Hist., Vol. 6, No. 23, p. 340. 

1939. Leptotyphlops humilis segregus Klauber, Trans. S. D. Soc. Nat. Hist., 
Vol. 9, No. 14a, p. 67. Type locality: Chalk Draw, Brewster County, 
Texas. Type specimen: USNM 103,670, collected by T. F. Smith, 
August 11, 1936. 


Distribution —The trans-Pecos region of Texas, northern Coahuila, and 
southeastern Arizona. To be expected in southwestern New Mexico and north- 


ern Chihuahua. 


Diagnosis.—A subspecies of L. humilis having only 10 scale rows around 
the tail, whereas all others except tenuiculus have 12. From tenuiculus it is 
distinguished in having a higher number of dorsal scales; segregus has more than 
250, tenuiculus less. 


Material —This description of the subspecies L. humilis segregus is based 
on 5 specimens from trans-Pecos Texas and 2 from Coahuila, Mexico. No 
Arizona specimens have been used, since southeastern Arizona, where they occur, 
is an area of intergradation with L. humilis humilis. 


Description —The body is almost cylindrical from head to tail. The head 
is slightly distinct; the tail is somewhat reduced in diameter and terminates in a 
sharp spine. From the side the head is moderately depressed and slants down- 
ward from the frontal forward. The snout is rounded and extends considerably 
beyond the lower jaw, which is inset. Viewed from above the head is widest at 
the occipitals, whence it narrows forward to the nostrils and is then rounded about 
the snout; in the largest specimens there is an indentation at the eyes. The longest 
available specimen measured 319 mm. over-all. The ratio of the body length to 
the diameter averages about 58. The ratio of the body length over-all to the tail 
length is about 22. 

The body is covered with 14 rows of smooth and imbricate scales of 
substantially uniform size, there being no conspicuous enlargement of either 
mid-dorsals or mid-ventrals. There are 10 rows around the tail, the first 
reduction to 12 being produced by the suppression of the fourth row above the 
mid-ventral on each side; the final change to 10 occurs at the base of the tail. 
The anal is entire and is somewhat pointed. The mid-dorsal scale count, from 


KLAUBER—WoORM SNAKES 141 


rostral to tail spine (but not counting either), averages 271; extreme range 261 
to 275, the actual counts being 261, 271, 272, 274, 275 (2). The subcaudals 
average 14; extreme range 12 to 16. 

The rostral is curved from the underside of the upper jaw over the snout; 
in some specimens it reaches back to a point even with the anterior edge of the 
eye, but not so far in others. It never reaches the center of the eye. The rostral 
is wedge-shaped, but the posterior end is rounded where it engages the prefrontal. 
At the level of the nostril the rostral is wider than either the nasal or ocular. 

The supralabial series comprises (besides the rostral) 4 scales on each side: 
an inferior nasal, an anterior supralabial, an ocular, and a posterior supralabial. 


The nasal is divided into two parts, a superior and an inferior, by a suture 
through the nostril. The suture is directed upward as it approaches the rostral; 
the nostril is nearer the anterior, than the posterior end of the suture. The 
superior nasal is larger than the lower part; it narrows as it approaches the 
prefrontal, which prevents a contact with its fellow on the other side. The inferior 
nasal narrows as it approaches the lip, it is widest below the nostril. The anterior 
supralabial is higher than wide; it has the appearance of having been cut out of 
the nasal, as the posterior edge of the superior nasal is a continuation of the same 
edge of the anterior supralabial. The ocular is the largest head scale, excepting 
only the rostral. It narrows somewhat toward the lip. The eye is at the center of 
the ocular, or somewhat in advance; it appears as a black spot beneath the skin, 
the surface of which is not raised by reason of its presence. Around the black 
spot is a light ring. The posterior supralabial is about as high as wide, triangular, 
but with the apex cut off. It takes up more lip space than any other scale except 
the rostral. 

The parietals are large, about 3 times as long as wide; they contact the 
posterior supralabials. The occipitals are slightly shorter and are somewhat 
narrowed ventro-laterally. A small temporal, the beginning of a body scale row, 
is interposed between each occipital and the posterior supralabial on that side. 


Of the mid-dorsal series the prefrontal is usually larger than the frontal 
(the opposite is true in humilis humilis), followed by an increase in the inter- 
parietal, which is usually equal in size to the interoccipital. These four scales on 
the head are all narrower than the mid-dorsal row on the body. 


The mental is small and triangular. The infralabials are difficult to see, 
since they are hidden by the overhanging upper jaw; there appear to be 4 on each 
side. The chin-shields are much smaller than the ventrals, into which they merge 
on the neck. 

The scales of the top and sides of the head are dotted with tiny pits as far 
back as the occipitals. 

The 7 median dorsal scale rows are medium to dark brown (alcoholic 
colors), the two specimens from Coahuila being considerably darker than those 
from Texas. Close examination shows the color to be applied by means of many 
small dots, very close together. 

The head is brown above but the lips are usually light; the under-jaw is 
always light. There are often light scales in the temporal series. Below the dorsal 
brown, the sides and belly are cream or light buff. In the Fort Clark, Texas, 


and Coahuila specimens the anal is strongly punctated with brown. 
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Taxonomic Status and Relationships ——Segregus is most closely allied to 
tenuiculus, and to humilis humilis and may indeed be the ancestral form of the 
latter. Ten rather than 12 scale rows around the tail is a more general condition 
in American Leptotyphlops, and, in this, segregus follows what is probably the 
primitive formula. 

The situation in south-central and southeastern Arizona, where worm snakes 
are found both with 10 and 12 scale rows around the tail, is subject to alternative 
interpretations: either the two forms represent a single intergrading population 
(as the subspecific relationship which I have used implies); or they comprise 
separate overlapping species. Thus far I have been unable to find any other 
difference paralleling that in the caudal rows. 


There is a difference between the dorsal scale counts of those having 12 
rows around the tail and those having 10, for 18 specimens of the former average 
274.9, while 6 specimens of the latter have a mean of 268.5. However, this 
difference is below the usually accepted level of significance since, by the ¢-test, 
P (the probability that the samples are drawn from a single popuiation) falls 
between 0.2 and 0.1. In tests of this kind 0.05 is usually accepted as indicating 
a significant difference. 

The subcaudals do show a significant difference, for the 12-row snakes 
average 17.87, and the 10-row, 14.71, and from the t-test we find P=0.001. But 
there is a possibility of sexual dimorphism here which must not be overlooked. 
In other populations of worm snakes, for example, in humilis humilis in California 
and in dulcis dulcis in Texas, the tail rows are constant. But we might well 
suppose that in an area where this character was unstable the males would tend 
to have 12 rows and the females 10; and with this would also go the normal 
tendency of the males to have a greater number of subcaudals than the females. 
So there would be an intrasubspecific correlation between tail rows and subcaudals, 
and hence a difference of the type here found would be explained by sexual | 
dimorphism rather than true specific differentiation. For this reason I do not 
view the difference between the subcaudals in humilis humilis and segregus in 
southeastern Arizona as indicating specific overlapping, rather than subspecific 
intergradation, unless verified by other differences. 

I have been able to find no difference in scale arrangements. Furthermore, 
it is probably significant that the individuals of humilis humilis (i.e. 12 tail-row 
specimens) found in the vicinity of Wickenburg are darker in color than those at 
Tucson, and the same situation is found to be true of segregus, that is, the snakes 
with 10 tail rows. 

The same intermediate character of both the 10- and 12-row snakes from 
southeastern Arizona is noted with respect to the relative sizes of the first four 
mid-dorsal scales on the head. In humilis humilis from the Pacific Coast the 
trend is usually 1<2<3>4, the first scale (prefrontal) being nearly always the 
smallest of the series. In segregus from Texas and Coahuila the prefrontal is 
larger than the frontal, the order generally being 1>2<3—=4. In the Arizona 
specimens, whether following humilis or segregus in tail rows, the prefrontal and 
frontal are about equal, with the next two scales slightly larger. Thus there is a 
suggestion here of intergradation, rather than the overlapping of two separate 
forms. 
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So, for the present, while the specific separation of humilis and segregus is 
by no means impossible, we are justified in assuming that the scale rows around 
the tail are a variable character in this part of Arizona, which is therefore the 
area of intergradation between two subspecies, rather than an overlapping of two 
separate species. So far, no specimen with 10 rows has been found west of 
Wickenburg, and none with 12 east of Tucson. From this area of intergradation 
I have seen 8 specimens with 10 rows and 21 with 12. 

Taking only the Arizona specimens of segregus we find the mean dorsal scale 
count to average 268.5 (range 254 to 280) and the subcaudals 14.7 (13 to 17). 
Hence, with the relatively few specimens available, we cannot prove a significant 
difference between these western representatives and those from Texas and 


Coahuila. 


Locality Records.—Segregus has been reported from the following localities: 

Texas: Brewster County—Chalk Draw, 15 mi. sw. of Marathon, 65 mi. s. 
of Alpine; Reeves County—Weinacht’s Draw near Phantom Lake; Kinney 
County—Fort Clark. 

CoaHutLa: El Capoline (Sierra de Santa Rosa, 5000 ft.), Rancho de la 
Babia (Sierra del Carmen, near Tanque de la Tapon, 3000 ft.). 

Arizona: Maricopa County—4 mi. s. of Wickenburg; Pima County— 
Tucson; Cochise County—Benson. 


Leptotyphlops humilis tenuiculus (Garman) 
San Luis Potost WorM SNAKE 


1883. Stenostoma tenuiculum Garman, Mem. Mus. Comp. Zool., Vol. 8, No. 
3, p. 5. Type locality: San Luis Potosi, Mexico. Type Specimen: 
MCZ 4519. 

1887. Rena tenuicula Cope, Bull. U. S. Nat. Mus., No. 32, p. 91. 

1891. Rena humilis (part) Stejneger, Proc., U. S. Nat. Mus., Vol. 14, p. 501. 

1893. Glauconia humilis (part) Boulenger, Cat. Snakes of British Museum, Vol. 
Lp: 70: 

1907. Leptotyphlops humilis (part) Ruthven, Bull. Am. Mus. Nat. Hist., Vol. 
25. Pp. 273: 

1931. Leptotyphlops humilis humilis (part) Klauber, Trans. S. D. Soc. Nat. 
Hist., Vol. 6, No. 23, p. 340. 


Status —The validity of tenuiculus depends upon the correctness of the 
assumption that the type of L. h. dugesii has 12 scale rows around the tail, a fact 
which cannot now be determined because of the European situation. If dugest 
should, in fact, have only 10 rows, then tenuiculus is probably a synonym of 
dugesii, as discussed on p. 131. 


Distribution—At present known only from the type locality, San Luis 
Potosi. 

Diagnosis—A subspecies of L. humilis distinguished from all other sub- 
species, except segregus, by having 10 scale rows around the tail. From segregus 
it differs in having less than 250 mid-dorsal scales, whereas the latter exceeds 250 
and averages 270. 
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Description—Since this subspecies is known only from the type specimen, 
which I have not seen, I can give only a brief description from data kindly 
supplied by Mr. Benjamin Shreve and from the original description by Garman. 

The body is substantially cylindrical. The head is indistinct, slightly 
depressed and rounded at the snout; the tail ends in a spine. The lower jaw is 
inset. The eye is small and distinct. The rostral reaches almost as far back as 
the eye. The nasal is divided. The supralabial series comprises four scales on 
each side: an undivided anterior supralabial, an inferior nasal, an ocular, and a 
posterior supralabial. There are no supraoculars. The scales are smooth and 
imbricate; the mid-ventral row is slightly enlarged. 

There are 14 scale rows around the body, and 10 around the tail. The mid- 
dorsal series numbers 244, and the subcaudals 14. The length over-all is 117 
mm., the tail length 6 mm., and body diameter 22 mm. The seven central 
dorsal scale-rows are grayish-brown; the ventral color is white. 


Taxonomic Status and Relationships—This subspecies is probably most 
closely related to segregus, from which it differs in having fewer dorsals. This is 
somewhat the same as the relationship between dugesti and humilis humilis. 


Locality Records——Known only from the type locality San Luis Potosi, 
Mexico. It is not certain whether this refers to the city or the state. 


HABITS, HABITATS, AND FIELD NOTES 


Our knowledge of the life histories of these small subterranean snakes is so 
meagre, and the habits of the several subspecies so similar, that it will be best to 
set forth the available data at one point rather than to scatter them among the 
separate subspecies. 

In general, we know that these snakes, although largely subterranean in 
habit, and blind or almost blind, do spend a considerable time above ground at 
night, in favorable seasons and temperatures. Also, while they (I am referring 
to the dulcis-humilis group, and not to albifrons and its relatives) are inhabitants 
of deserts or semi-arid areas, they prefer moist spots when obtainable. 

In the United States and northern Mexico, the range of these worm snakes 
is substantially that of the Desert Diamond Rattlesnake (Crotalus cinereous), 
and its relatives C. ruber and C. lucasensis, together with such other Sonoran 
forms as Arizona elegans and Rhinocheilus lecontei, and the racers, Coluber 
flagellum flavigularis and C. f. frenatum. In Mexico the range of this worm- 
snake group extends somewhat to the south of these typical Sonoran forms; and, 
indeed, it may later be found that maximus and bressoni range into Central 
America or beyond, as is indicated by certain resemblances between bressoni and 
macrolepis. In fact, of maximus and bressoni we know comparatively little; they 
may or may not be closely related to dulcis; our tendency to view them in that 
category is partly the result of their mutual differences from the albifrons group. 
Taken alone, the species dulcis and humilis have substantially the same range in 
Mexico as the Sonoran forms mentioned above. 

At least in the greater parts of their ranges, we may visualize dulcis and 
humilis as inhabiting rocky and sandy deserts, chaparral-covered foothills, 
boulder-strewn mountain sides, and the more arid southwestern corner of the 
Mississippi-Basin prairies. 
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While not restricted to damp areas they seem definitely to prefer localities 
wherein some moisture is present. On the desert side of the mountains, in San 
Diego County, they are most plentiful in the rocky canyons where there are small 
streams, such as Sentenac Canyon, Tubb’s Canyon, and Borego Palm Canyon. 
In the Yuma area they are usually found in the irrigated section between Yuma 
and Somerton, Arizona. They are said to be found frequently in the gardens 
about Tucson and Phoenix. They have not invaded all irrigated areas, for they 
have not yet been found in the Imperial Valley. But in spite of this liking for 
local moisture they are absent in territories, contiguous to those which they inhabit, 
where the rainfall is greater, such as, for example, eastern Texas, eastern Kansas, 
and coastal California north of Santa Barbara. 


Burt (1935, p. 530) states that dulcis is a characteristic inhabitant of 
moderately sandy, semi-arid prairies, either in the vicinity of trees or away from 
them. In captivity he found that they preferred moist (but not wet) sand to 
dry. I have found that captive specimens will live longer in moist moss than in 
dry. Tanner (1938, p. 150) states that all his specimens of utahensis were taken 
in moist sandy soil. On the other hand, Mosauer (1936, p. 10) found cahuilae 
in the sand hills of the Vizcaino Desert, which must be very dry. I have taken 
the same subspecies at The Narrows, normally an exceedingly arid desert, but 
where there is an occasional flash flood from a cloudburst. Worm snakes have 
not been collected in the great sand dune area west of Yuma. 


Aside from the presence of dampness, rocks and boulders seem essential to 
the worm snakes, at least to humilis and its subspecies. Throughout the Cahuilla 
Basin, and other desert areas of the southwest, we find that worm snakes are 
seldom or never found on the sandy flats, dry lakes, or alluvial fans, but are 
usually in the rocky canyons or on mountain slopes. In this they are coterminous 
with such rock inhabiting forms as Hypsiglena ochrorhynchus, Trimorphodon 
vandenburghi, and Crotalus mitchellii pyrrhus, whose ranges are discontinuous 
patches throughout the desert area. Many miles of night collecting, by driving 
on desert roads (Klauber, 1939a), have taught us that Leptotyphlops does not 
follow Sonora, Phyllorhynchus, and Crotalus cerastes out onto the desert flats. 


Daytime captures of Leptotyphlops are usually effected by overturning rocks 
or in the course of excavations. For example, in the granite-boulder area of 
San Diego County, humilis humilis is most often found under granite flakes 
which are exfoliating from parent boulders. They are more likely to be discovered 
under flakes low down on the sides of the boulders, close to, or touching the 
ground; or where earth has accumulated between flake and boulder. Thus they 
are not often found when hunting for Xantusia henshawi under the higher flakes. 
One of the best places to search for them is to locate a flake leaning against a 
large boulder, near the ground line, and then to dig below the flake. They may 
also be under flakes or stones lying on the ground, particularly where some 
moisture is present. Specimens of humilis humilis have been found under stones 
in this manner in every month from March to July, inclusive. One was collected 
under a board lying on the ground. 

Worm snakes are often discovered in the course of excavations for founda- 
tions, pipe lines, post-holes, etc. Frequently several may be found together; for 
example, three specimens were disclosed in digging out the rotted butt of a fence 
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post. If the soil be loose or rocky they are difficult to capture, since they are 
very active and burrow immediately. Major Chapman Grant, while supervising 
the work of a CCC camp at El Capitan, San Diego County, found one about 4 
feet down and 2 feet in from the face of an earth bank. Another was located 
in loose soil only a few inches below the surface. On June 21st, two were found 
4 feet below the surface on a side hill. A week later another was discovered at 
a depth of two feet, but escaped. 

Burt (1935, p. 530) reports that dulcis is not common under surface stones 
in the summer, when they apparently go deeper in search of moisture. Force 
(1936) reports that dissectus is found under sandstone slabs and limestone 
boulders, as many as five being taken under a single boulder. If a snake succeeded 
in getting under a second slab it would invariably escape. One was found in a 
sandy ant’s-nest. 

Taylor (1939, p. 4), following an overflow of the Rio Grande River in 
Cameron County, Texas, found a number of specimens of dulcis on floating 
debris in a corn field. The water was 3 to 4 feet deep. 

The finding of specimens run over on the road (DOR) suggested that 
these little snakes were not entirely subterranean, but must spend at least a part 
of their nocturnal activities on the surface. As the method of collecting by 
driving on desert roads at night became perfected, we found that such was indeed 
the case, and we began to pick up live specimens in some numbers. The technique 
does not differ from that involved in the collection of other small nocturnal 
desert snakes, except that Leptotyphlops, being both smaller and more translucent 
than any other genus, is naturally more difficult to see. Slow driving and a dark 
paved road are essential; and even then a good pair of eyes and a certain experience 
are required for success, since the quarry does not stand out in the headlights 
to the degree characteristic of Phyllorhynchus and Sonora. They have, in fact, 
a sort of ghostly appearance when the light strikes them. When the conditions, 
with respect to season and surroundings, are proper for success, collecting may 
be quite good. The best I have ever experienced was in the vicinity of Scissors 
Crossing and the upper Sentenac Canyon, eastern San Diego County, on the 
night of June 9, 1939, when 7 specimens (humilis-cahuilae intergrades) were 
caught between 7:40 P. M. and 8:30. The temperature was about 80° F.; there 
was a considerable breeze and no moon. The distance traveled in this 50 
minute period was 7 miles, so that we averaged one worm snake per mile. 
Much of the success of this foray was due to my companion, Charles E. Shaw, 
who has an astonishing ability to see these little snakes. We got a total of 31 
nocturnal snakes alive that evening and passed by several others while we were 
hurrying to a distant destination toward midnight. 

The ability of Leptotyphlops to withstand heat was noted a few days later 
when, at Trona, we carelessly neglected to wrap the jars containing our captives 
in wet cloths. The result was that more than half died from the heat (we had 
about 40), although all were desert species such as Phyllorhynchus decurtatus 
perkinsi, Sonora occipitalis, Arizona elegans occidentalis, Rhinocheilus lecontei, 
Crotalus cerastes, and C. mitchellii pyrrhus. Of the worm snakes we lost only 
one out of five, a smaller proportion than of the other species. 

Altogether I have found 27 worm snakes above ground at night, all but 
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two on the desert side of the mountains. They were found in April, May, June, 
and September, nearly all being in May and June. The hours of collection have 
been as follows: 

6:30-6:59 1 

7:00-7:29 4 

F309 5 

8:00-8:29 9 

8:30-8:59 1 

9:00-9:29 1 


This probably does not give an entirely accurate picture of the hours of 
nocturnal activity, since our own operations were often discontinued at from 10 
to midnight and there may be a recurrence of activity in the early morning hours. 
But the comparatively few specimens found after 8:30 indicate a difference from 
our experiences with such other nocturnal forms as Phyllorhynchus decurtatus 
perkinsi and Sonora occipitalis, for these do not concentrate their activities so 
conspicuously in the early hours of the evening (Klauber, 1939a, p. 46, table 8). 
As shown in the table these two snakes are quite active at least until 10; whatever 
deficiencies there may be in our working more intensively in the early evening 
would have affected our bag of these as well. Testing the hourly activities of 
Phyllorhynchus and Sonora against Leptotyphlops by the use of chi-square and 
an R x 2 table we find that there is a really significant difference (P<0.001). 
Thus Leptotyphlops is proved to concentrate its activities more definitely in the 
early evening hours than do these other desert species. 


Worm snakes have been found active with desert air temperatures as low 
as 64° and as high as 88° F. The optimum temperature seems to be about 
78°-82°. They do not appear to mind a strong wind blowing. 

The monthly distributions previously given comprised only live specimens 
found above ground at night. Including specimens found under stones, in 
excavations, and DOR we have the following statistics of humilis humilis and 
h. cahuilae recorded in San Diego County in the years 1923-38, inclusive: 


L.h. humilis L.h. cahuilae Total 
4 


January 4 
February 4 4 
March 4 4 
April 7 2. 9 
May 17 TZ 29 
June 19 1 20 
July 13 2 15 
August 9 1 10 
September 5 1 6 
October 2 2 
November 2 2 
December wd 1 3 

88 20 108 


These two subspecies accounted for 0.83 per cent of the total of 12,947 
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snakes of all species recorded from this area during this period. Of course, I do 
not suggest that this is an indication of the relative abundance of worm 
snakes compared to other species, for they naturally suffer, in statistics of this 
kind, because of their small size, and nocturnal and secretive habits. It is quite 
probable that Leptotyphlops is one of the most plentiful snakes in the area. 


The zonal distribution of these 108 specimens was as follows: coast, 38; 
inland valleys and mesas, 15; foothills, 25; mountains, 2; desert foothills, 26; 
desert, 2. The snakes in the last two zones were either humilis-cahuilae inter- 
grades or cahuilae; the others were all humilis humilis. 


Burt (1935, p. 327) observed dissectus crossing a sidewalk just after dark, 
evidently bound for moist sandy soil in an iris bed. Another was collected by a 
student at Norman, Okla., on a sidewalk at 9:30 P. M., temperature 92° F. 
Major Chapman Grant observed humilis humilis crawling above ground in the 
dark of early evening. While they seem to prefer the dark of the moon, 
cahuilae has been found out on the road in full moon. Mosauer (1936, p. 10) 
observed 5 specimens of cahuilae in three evenings in the sandhills of the Vizcaino 
Desert. He found four by following their tracks. He states that they emerge 
at, or shortly after, nightfall. In the sand they use the undulatory type of 
locomotion; the sharp point of the tail makes the track identification easy. They 
travel on the surface in sand, not just below as does Chilomeniscus. The tracks 
showed signs of sideslip, for these snakes are not as well adapted for sand as they 
are for crevices and passages below ground. Most sand-inhabiting forms are 
flattened ventrally, but Leptotyphlops is not. 

In captivity worm snakes are observed to use the tail spine as an aid to 
motion, especially when placed on a hard surface. When dropped on loose or 
sandy soil they burrow immediately. They are never peaceful or quiet when 
above ground in the light, but actively search for something into which to burrow, 
or to hide under; they are therefore difficult to photograph. The worm snake uses 
its tongue to sense the surroundings. 

I have observed in the shed skin of humilis that the imbrications, or folding- 
over of the scales, are present as in the live snake. 

The food probably consists of termites and similar soft-bodied insects. Miss 
Force observed dissectus to eat ant eggs in captivity, but not readily. Mosauer 
saw cahuilae drink in captivity but not eat. 

The hemipenes of dulcis dulcis are unbifurcated, smooth, and deeply grooved 
to the ends, by a single, ridged sulcus. 

Most of the females captured in the early summer are carrying well- 
developed eggs. It is presumed that they are laid in the late summer, as is the 
case with our other southwestern oviparous snakes. Miss Force noted a specimen 
of dissectus 225 mm. long with 7 large developing eggs, and other smaller eggs. 
Specimens 193 and 195 mm. long contained eggs. These were Oklahoma 
specimens. 

Humilis is a larger snake. I have not observed a female less than 245 mm. 
long with eggs. The following are some records of the eggs in specimens of 
humilis-cabuilae intergrades from the Sentenac Canyon area, the first figure 
giving the length of the snake in mm., the next, in parenthesis, the number of 
eggs: 248 (3), 250 (3), 256 (2), 267 (4), 281 (6), 290 (2), 294 (4), 321 (6), 
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340 (6). The average number of eggs is 4. A correlation is apparent between 
size and number of eggs; the correlation coefficient was calculated and found to 
be r=+0.716. By the t-test this is proved significant (P =0.03). Thus the 
larger specimens are likely to have more young, as was found to be the case with 


the rattlesnakes (Occ. Papers S. D. Soc. Nat. Hist., No. 1, p. 14). 


The eggs are long and thin, as might be expected in so attenuated a creature. 
Measurements were made on those contained in a humilis and were found to be 
about 15 x 4/2 mm. The young at birth are about one-third of maximum adult 
size. 

These little snakes, being without means of defence except concealment, 
must be the prey of any animals that can find them. A specimen of dulcis was 
found dead at the base of an owl’s nest by A. J. Kirn. The remains of a specimen 
of humilis were found in coyote scat by Howard Twining at Gibralter Dam 
near Santa Barbara, California. A specimen of segregus (Corn. U. 1670), from 
15 miles southwest of Marathon, Brewster County, Texas, was removed from the 
stomach of a curve-billed thrasher. Another of the same subspecies (U. Mich. 
65,381 from near Phantom Lake, Texas) was found crushed in a cow track. I 
have already stated that many are destroyed by automobiles as they cross the 
road at night. 

Earl Sanders noted a specimen of humilis near Mesa, Arizona, with its tail 
caught in the web of a black-widow spider. It was struggling unsuccessfully to 
escape. This snake was 150 mm. long. 
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KEY TO THE WORM SNAKES 


Or THE GENUS LEPTOTYPHLOPS IN THE UNITED STATES AND MExico 


Note: I have made no particular study of L. phenops Cope, 1875, or L. bakewelli 
Oliver, 1937, the two presently recognized Mexican species allied to L. albifrons of South 
America; for, not belonging to the dulcis-humilis group, they are beyond the scope of this 
paper. Nevertheless it appears desirable to include them in this key, in order to make it 
territorially complete. They are therefore included without particular study or verification. 
All colors mentioned in this key are based on preserved specimens. 


rae 
1b 


oo 
a 


With supraoculars 2 
Without supraoculars 8 
Supraoculars much larger than the prefrontal or frontal; a dorsal 
pattern of dark brown, with distinct longitudinal light lines 3 
Supraoculars no larger, or but little larger, than the prefrontal or 
frontal; the dorsal pattern, if dark brown, without distinct longi- 


tudinal light lines 4 
Rostral contacting the supraoculars L. bakewelli 
Colima to eastern Oaxaca, Mexico. 

Rostral not contacting the supraoculars L. phenops 
Yucatan to Chiapas and Oaxaca; also central Veracruz, Mexico. 
Twelve scale rows around the tail L. maximus 

Guerrero and Morelos, Mexico. 
Ten scale rows around the tail 5 
Anterior supralabials entire L. d. dulcis 


Central Oklahoma south through central Texas to northern Nuevo 
Leon and Tamaulipas. 


Each anterior supralabial divided by a vertical suture 6 


Parietals not contacting the posterior supralabials L. bressoni 
At present known only from the type locality, Uruapan, Michoacan, 


Mexico. 
Parietals contacting the posterior supralabials 7 


Dorsal scales number 224 or more L. d. dissectus 
Coahuila, trans-Pecos Texas, southern New Mexico and southeastern 
Arizona; also southern Kansas, central and northeastern Oklahoma. 


Fewer than 224 dorsals L. d. myopicus 
Northern Veracruz, San Luis Potosi, southern Tamaulipas, and 
southern and central Nuevo Leon, Mexico. 


. _ Ten scale rows around the tail 9 
Twelve scale rows around the tail 10 
Dorsal scales number 250 or more L. h. segregus 


Southeastern Arizona through trans-Pecos and Big Bend Texas, to 
central Coahuila. 


10 b. 


a: 
Heeb: 
ae 


122 b: 


1S a 
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Dorsal scales number less than 250 L. h. tenuiculus 
San Luis Potosi, Mexico. 


Fourth mid-dorsal scale (interoccipital) often divided longitu- 
dinally; fifth dorsal much wider than the sixth; dorsal scales 
exceed 288 L. h. utahensis 


Extreme southwestern Utah. 


Fourth mid-dorsal scale undivided; fifth dorsal not much, if 
any, wider than the sixth; dorsal scales more or less than 288 11 


Dorsal scales usually below 260 12 
Dorsal scales usually 260 or more 13 


Five pigmented dorsal scale rows; usually 244 or more dorsal 
scales L. h. slevini 
Cape Region of Baja California, Mexico. 


Seven pigmented dorsal scale rows; usually less than 244 dorsal 
scales L. h. dugesii 


Sinaloa southeast to Colima; Guanajuato, Mexico. 


Five lightly pigmented dorsal scale rows; usually 285 or more 

dorsal scales L. h. cahuilae 
The Colorado Desert in southeastern California, the Yuma Desert 
in southwestern Arizona, and Vizcaino Desert in central Baja 
California. 

Seven or more heavily pigmented dorsal scale rows; usually less 

than 285 dorsal scales L. h. humilis 
Central Baja California north to Santa Barbara, California; the 
Mojave Desert; from extreme southern Nevada southeasterly to the 
Tucson area in Arizona; Cedros Island. 


MUSEUM ABBREVIATIONS 


In referring to specimens by number the following abbreviations have been 


used: 
ANSP Academy of Natural Sciences of Philadelphia 
BYU Brigham Young University 
CAS California Academy of Sciences 


Corn. U. Cornell University 

EHT-HMS Private collection of E. H. Taylor and H. M. Smith 
FMNH Field Museum of Natural History 

LMK Private collection of L. M. Klauber 

MCZ Museum of Comparative Zoology, Harvard University 
U. Mich. Museum of Zodlogy, University of Michigan 

U. Okla. University of Oklahoma 

USNM United States National Museum 
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some hundreds of these tiny snakes; a difficult task indeed, in view of their 


small size and often poor condition. 
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SUMMARY AND CONCLUSIONS 


In North America there are three groups of worm snakes of the genus 
Leptotyphlops. One comprises species allied to L. albifrons, a South American 
form. This group, being primarily Neotropical, is omitted from the present 
discussion. The other two, the dulcis and humilis groups, are differentiated from 
each other by the presence or absence of supraoculars. The former includes three 
species, with a total of five subspecies. One subspecies now revived, is Cope’s 
dissectus, long synonymized with myopicus, which in turn is shown to be a sub- 
species of dulcis. 


The humilis group comprises 7 subspecies, dugesii of Bocourt and tenuiculus 
of Garman being revived. Some of the taxonomic conclusions respecting Mexican 
forms are tentative because of a lack of adequate material. 


All forms are described in full. Intrasubspecific variations and subspecific 
relationships are discussed. Life history notes are presented. 


The survey involves a general consideration and evaluation of differential 
characters in the genus. The number of scale rows around the tail, possibly a 
novel character, is found useful. The coefficients of variation of several characters 
in homogeneous series are derived. The limitations of body proportionalities are 
pointed out. It is found that worm snakes become somewhat thicker-bodied as 
they age. Differences in scale arrangements and configurations are found of value 
in taxonomy, but aberrants are not infrequent. Special arrangements and 
aberrances are peculiarly repetitive in species not closely related. 


Although the forms discussed inhabit deserts and semi-deserts they prefer 
moist areas. While secretive and primarily subterranean, they roam above ground 
at night. Larger females lay a greater number of eggs. 


A key to the worm snakes of North America is presented. 


ALAS 
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MAP No. | 
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LEPTOTYPHLOPS 
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PLATE 6 


Fig. 1. Dorsal view of Leptotyphlops humilis humilis (X 1.6). Head at the 
left. 


Fig. 2. Dorsal view of head of Leptotyphlops humilis humilis (X 24). 


Fig. 3. Lateral view of tail of Leptotyphlops humilis humilis, showing terminal 
spine (X 24). 
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THE LYRE SNAKES (GENUS TRIMORPHODON) 
OF THE UNITED STATES 


BY 


LauRENCE M. KLAUBER 
Curator of Reptiles and Amphibians, San Diego Society of Natural History 


INTRODUCTION 
The lyre snakes of the genus Trimorphodon, so named because of a lyre- 


shaped mark on the heads of most species, comprise a genus of back-fanged, 
nocturnal snakes occurring from the southwestern United States to Central 
America. While they are probably rather plentiful in some areas, they are 
infrequently captured, partly by reason of their nocturnal habits, and also because 
they are largely restricted to rocky areas, their customary day-time retreats being 
rock crevices. Thus, in the desert and semi-desert areas of the southwestern 
United States, their ranges comprise scattered rocky slopes and canyons, and 
they are absent from the greater expanses of the level plains. 

These conditions restrict the number of specimens reaching collections, so 
that even now most of the species are only slightly known. In the last few years 
the writer has acquired some 45 additional specimens from the southwest, and 
others have been kindly loaned by various museums. There is now sufficient 
material available to determine character dispersions, and to permit solving 
some of the primary problems of relationship with respect to the species occurring 
in the United States and extreme northern Mexico. It is to these forms that 
the present paper is restricted. The best general summary of the genus, including 
the Mexican forms, which has appeared to date, is that of Taylor, 1939. 


MATERIAL AVAILABLE 


The sources of the specimens available for study are as follows: 


[awer Calitouicne se verte ote te 17 
Southern California ...............-...--.-.------ 55 
De Prete Eigen 5) 
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TAXONOMIC SUMMARY 


The species hitherto proposed, in the territory covered by this survey, are 
as follows: 
Trimorphodon lyrophanes (Cope), 1860; type locality Cape St. (San) Lucas, 
Lower California. 
Trimorphodon vilkinsonii Cope, 1885; type locality Chihuahua, Mexico. 
Trimorphodon lambda Cope, 1885; type locality Guaymas, Sonora, Mexico. 
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Trimorphodon vandenburghi Klauber, 1924; type locality, Wildwood Ranch, San 

Diego County, California. 

The problems which I have sought to solve are: 

1. Should vandenburghi be reduced to a subspecific status? 

2. Is lambda specifically different from lyrophanes, and to which of these 
species should the snakes of Arizona, southern Nevada, and south- 
western Utah be referred? 

The first question is the more easily answered: as far as presently available 
material indicates, full specific status should continue to be accorded vanden- 
burghi. The condition of the anal plate is the best single character distinguishing 
this species, which inhabits the westerly fringe of southern California, from its 
congeners of the Cape Region of Lower California, Sonora, Arizona, south- 
western Utah, southern Nevada, and extreme southeastern California. We have 
the following contingency table: 


ANAL ANAL 
Entire Diviv—ep Tora 


Non-vandenburghi 1 38 39 
Vandenburghi 46 3 49 
Total 47 41 88 


It requires no calculation to demonstrate the significance of this unbalanced 
distribution. The only specimen of the non-vandenburghi series to have an entire 
anal is one of the cotypes of lyrophanes from Cape San Lucas. The three speci- 
mens of vandenburghi with divided anals are: LMK 27,136 from Sentenac 
Canyon, San Diego County; a specimen belonging to Harold Woodall from 
Silverado Canyon, Orange County; and MVZ 10,499 from near Palm Springs, 
Riverside County, California. There is no particular geographical consistency 
or significance in the sources of these three aberrants; many specimens with 
undivided anals have been taken around the same localities. Thus we have, in 
the anal plate, a rather stable difference by which all but about 5 per cent of the 
snakes can be correctly identified. It may be noted that this is a character usually 
invariant within a genus. 

It is still not impossible that vandenburghi may intergrade with lyrophanes. 
Between the most northerly known Lower California specimens of lyrophanes 
(San Ignacio and Santa Rosalia) and the San Diego County border, the south- 
ernmost point where vandenburghi has been found (a distance of 400 miles), 
lyre snakes of some kind certainly occur, for this is the type of country in which 
they thrive. But whether lyrophanes and vandenburghi overlap or intergrade will 
not be known until specimens in adequate numbers become available from this 
intervening area. If there be intergradation, we may expect to find a locality 
in which specimens with anal plates divided and entire occur in approximately 
equal numbers. Or, if not in northern Lower California, possibly an intergrading 
series may be found between the Little San Bernardino Mountains in Riverside 
County and the west bank of the Colorado River, which is the western known 
limit of the Arizona colony of lyrophanes; or between the Death Valley region 
and the southern tip of Nevada. But here intergradation is somewhat less 
possible, since the mountains are isolated peaks scattered through the desert, 
and a continuous spread of population is hardly to be expected. 
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It should not be presumed that the condition of the anal plate is the only 
difference between vandenburghi and its congeners, for such is not the case; 
however, it is the simplest key character and is sufficient to demonstrate the 
presence of an essential difference. Other characters will be discussed under the 
species descriptions. 

With respect to the second problem, namely, the relationship between 
lyrophanes and lambda, and the validity of the latter, I find the material still 
insufficient to permit a decision with any claim to finality. Tentatively, I conclude 
that lambda is not a valid species; additional specimens may warrant its retention 
as a subspecies of lyrophanes, but I do not so recognize it at this time. 

We have only one territorially homogeneous series of Trimorphodon large 
enough to determine the dispersion of characters within a species; this is a series 
of 29 vandenburghi from coastal San Diego County. A study of this series 
discloses a rather high degree of variability in scale counts, color, and pattern. 
And not only do we find the usual and expected sexual dimorphism in ventrals 
and subcaudals, but likewise it is evident in scale rows, body blotches, and tail 
spots. Another complication in Trimorphodon is that the tail is very delicate 
and often incomplete, so that from many specimens no data on subcaudals and 
tail spots are obtainable. 

In characters where sexual dimorphism is present it is a doubtful expedient 
to combine the sexes in differentiating species or subspecies, since, if the sexes be 
in different proportions in the two groups, what seems to be a subspecific difference 
may really be only the result of sexual dimorphism. So in the present study of 
lyrophanes and lambda we are under the necessity of dividing an already scanty 
material into two sex groups (in considering several important characters) with 
the result that, in a genus characterized by considerable variability even within a 
geographically homogeneous series, such differences as are found are doubtfully 
attributable to true subspecific divergence, for they may come about only through 
the chances of random sampling. 


Cope, 1900, p. 1101, differentiates lambda from lyrophanes by the follow- 
ing characters: 


Lambda Lyrophanes 
Brown chevrons on head Lyre-shaped pattern on head 
Brown collar on neck Parallel stripes on neck 


Diamond-shaped blotches Dorsal spots in pairs 


None of these characters is found to comprise a consistent difference between 
the specimens available from Cape San Lucas, Lower California, and those from 
the vicinity of Guaymas, Sonora, the respective type localities of these two forms 
It is true that in most of the former the two halves of the head chevron are 
separated by a narrow mid-dorsal light line, thus forming a lyre, while in the 
Sonora specimens the halves are joined; but the difference does not hold in all 
cases. As to the neck marks, they are quite variable, with both blotches and 
parallel marks noted in both series. With respect to the last of the three supposed 
differences—the blotch shape—this is only one of age. It happens that the type 
of lambda is a juvenile; and it is characteristic of the young of all our south- 
western lyre snakes that the light cross-mark, which splits each dorsal blotch 
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transversely into the typical Trimorphodon double blotch, is faint, a juvenile 
condition by which Cope was misled. 

Taylor, 1939, pp. 361 and 363, mentions differences in loreals, subcaudals, 
tail spots, and teeth. Since two out of the four specimens from Sonora (including 
the type) have three loreals, and the others two, this character does not represent 
a significant difference between the two groups, for Lower California specimens 
also have either two or three loreals. As to the two tail characters there is here 
an unquestioned average difference, of which the subcaudals seem the more 
impressive. The data from the available specimens are as follows: 


SUBCAUDALS 


Males Females 
Number L.Calif. Sonora  L.Calif. Sonora 
1 


66 1 


NI 
wa 
= 
— 


82 1 
83 1 


85 s il 
TAIL Spots 


Males Females 
Number L.Calif. Sonora L.Calif. Sonora 
z 


13 2 2 


The differences in subcaudals are mathematically significant; yet in San 
Diego County, with larger series, the range of subcaudals within one sex is 12, 
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or almost as great as the maximum difference between the specimens from Lower 
California and Sonora. And the specimens from Arizona and Nevada are 
intermediate. So I think it best to consider lambda a synonym of lyrophanes 
until more specimens become available and the dispersion of these two characters 
within each subspecies can be better defined, or until other differences are 
discovered. 

With respect to the teeth, studies must first be made of intrasubspecific 
variation to prove the validity of the differences stated to exist between lyrophanes 
and lambda. I lack the necessary skeletonized material and must leave this point 


undecided. 
SPECIES DESCRIPTIONS 


The following descriptions will summarize the data accumulated on the 
three species of Trimorphodon known to occur in the United States. Vanden- 
burghi is treated first since our knowledge of this species is more extensive, and 
the discussion of the character variations will somewhat improve our under- 
standing of the others. 


Trimorphodon vandenburghi Klauber 
CALIFORNIA LYRE SNAKE 
Plate 7, fig. 1. 


1924. Trimorphodon vandenburghi Klauber, Bull. Zool. Soc. San Diego, No. 
1, p. 17. Type specimen: CAS 58,192. Type locality: Wildwood 
Ranch (elev. 1520 ft.), 5 mi. sw. of Ramona, San Diego County, 
California. 

Diagnosis.—A species of Trimorphodon characterized by an entire anal plate, 
and a relatively high number of body blotches. 

Range.—Coastal and desert southern California from Los Angeles County 
and the Argus Mountains, Inyo County, south to the Mexican border. Although 
not yet collected in northern Lower California, it unquestionably occurs there, 
for at several places it has been observed within a mile or so of the border. It 
prefers rocky habitats. 

Material—The following description is based on 52 specimens from south- 
ern California, of which 40 are from San Diego County. Both the coastal and 
desert sides of the mountains are represented. 

Morphology.—The body is slender and racer-like, with a delicate, tapering 
tail. The head is very distinct from the slender neck, the temporal regions being 
especially enlarged; the relative proportions of head and neck differ from those 
of any other colubrid snake in this region. The snout is rounded and blunt. 
The eyes are notably protuberant, and are relatively large; the diameter of the 
orbit equals the distance from the eye to the nostril. The iris is flecked with 
gray and green in life; the pupil is vertical. The longest specimen taken to date 
measures 1055 mm. (4114 in.) over-all; it is a female. There are at hand five 
females exceeding 800 mm., but no males of this length; the largest male is 738 
mm. It seems apparent that the females grow to a larger size than the males, 
as is the case with so many colubrids. The smallest specimen, one freshly 
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hatched, measures 205 mm. 


The tail length in the males averages about 16.2 per cent of the body length 
over-all. The corresponding ratio amongst the females is 14.4 per cent. Most 
males will fall between 14.8 and 17.7, and most females between 13.2 and 15.5 
per cent. Thus there is some overlap and it is not safe to sex specimens by the 
tail-length ratio alone. Because of the limited number of specimens available with 
complete tails, I am unable to determine accurately the ontogenetical tail length 
equation; there is no proof that the ratio changes with age, although such a 
change is evident and may be demonstrated in some colubrids. 

The head length is about 3.2 per cent of the body length, over-all. The 
tongue is flesh colored, with a red line upon either side. 

The extruded hemipenes are attenuated, unbifurcated, and with single sulcus. 
Proximally the shaft is smooth but with a twist, followed by a somewhat enlarged 
section covered with many tiny points. Distally it terminates in four transverse 
flounces separated by deep grooves; the outer edges of the flounces are serrated. 
As the flounces approach the sulcus they twist longitudinally and deteriorate 
into reticulated ruches. The end is rather broad and flat, with fringes forming a 
rosette. No spines are present. 

The enlarged posterior canalized teeth are not prominent and are not easily 
located, except in the largest specimens. They will be found about even with the 
posterior edge of the eye. 

Scutellation—The body is covered with smooth and imbricate scales with 
rounded posterior ends. There are two apical scale pits, very small and faint, 
and observable on very few scales. There are from 21 to 24 scale rows at mid- 
body, the distribution among 48 specimens being 9-21, 12-22, 23-23, and 4-24. 
There are usually 22 or 23 rows at the neck, and 15 or 16 at the base of the 
tail. As is typical of Trimorphodon there is an unusually high proportion having 
an even number of rows, compared to other snakes. This results either from a 
splitting of the mid-dorsal to convert the normal 23 to 24, or the suppression of 
the mid-dorsal to make 22. Several changes in the rows may occur close to 
mid-body so that a number of counts may be necessary to locate the maximum. 
There is one pair of lateral suppressions, in which either the second and third 
rows above the ventrals combine to form a new second, or the third and fourth 
may merge into a new third. The other suppressions, required to reduce to 16 
or 15 rows anterior to the anal, are all mid-dorsal; that is, either the odd mid- 
dorsal is suppressed, or, if there be an even number of rows, the two mid-dorsals 
are combined. There are normally five of these mid-dorsal reductions. This 
procedure is quite different from the regular dropping of lateral rows normal to 
most of the colubrids. 

Sexual dimorphism in the dorsal scale counts of T. vandenburghi is evident 
as shown by the following data: 


Rows Males Females 
Dil 6 1 
22 10 2 
23 14 10 


24 oe 4 
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A chi-square test shows the difference to be significant (P equals 0.022). 


The data on the ventrals are as follows: Males (29 specimens) : maximum 
range 220 to 243,' interquartile range 226.8 to 233.7, mean 230.4+0.95, 
coefficient of variation 2.23 per cent; females (18 specimens) : maximum range 
224 to 244, interquartile range 232.3 to 240.8, mean 236.56 1.47, coefficient 
of variation 2.64 per cent. The anal is entire in 45 specimens out of 48. 


The subcaudals are divided. The terrninal cone is thin and delicate, and is 
frequently missing. In the males (27 specimens with complete tails) the sub- 
caudals range from 66 to 80, interquartile range 68.1 to 72.5, mean 70.30+0.62, 
coefficient of variation 4.56 per cent. The corresponding figures for the females 
(17 specimens) are: Extreme range 58 to 71; interquartile range 61.4 to 66.2, 
mean 63.76+0.86, coefficient of variation 5.56 per cent. 


The rostral is rounded, wider than high, recurved and deeply indented 
below. Only the point is visible from above; this separates the internasals for 
nearly one half of their depth. The internasals are relatively small, much smaller 
than the prefrontals; they are wider than high. The prefrontals are quite large, 
almost as high as wide, with a lateral extension curving down each side to contact 
the posterior loreals. The suture between the internasals is slightly diagonal, 
the anterior end being to the right, and the posterior to the left of the mid- 
dorsal line. The frontal is large, straight across anteriorly, and sharply tapering 
to a point posteriorly; it is longer than wide. The supraoculars are relatively 
small, shorter than the frontal; they do not extend out over the eyes. They 
widen somewhat posteriorly. The parietals are the largest of the head plates. 
Anteriorly they are partly separated by the point of the frontal; they narrow 
posteriorly. The upper postoculars partially separate the supraoculars and 
parietals. The nasal is divided at an angle into two equal parts, with the nostril 
at the upper end of the suture, which slants forward above. There are from 2 
to 5 loreals; normally there are 3, a large anterior, a somewhat smaller posterior, 
and a much smaller subloreal below the posterior. Of the available specimens, 
21 per cent have only two loreals; most of the rest have three, but four or five 
occur occasionally. Usually there are three preoculars, the upper being the 
largest, but eight per cent of the specimens have two preoculars, and one has 
only a single on one side. The point of the upper preocular contacts the frontal 
in a few specimens, but this is not normal for the species. Usually there are 
three postoculars, the lower being the largest; rarely specimens are found with 
two or four. In a few cases the upper postocular is the largest. The temporals 
are usually 2+3, or 314, but there are some specimens with 2+4, 414, or 
34+5. 


There are from 7 to 10 supralabials, the distribution being 1-7, 42-8, 40-9, 
and 3-10. The sixth and seventh are the largest; the fourth and fifth contact 
the eye. 


1 Trimorphodon is a genus in which it is quite difficult to determine the sex of all speci- 
mens with certainty. For this reason the extremes of some sexually dimorphic characters may 
be in error; the means and interquartile ranges are to be given greater weight than the 
extremes. The sign 3 is used to indicate that the figure which follows is the standard, not 
the probable, error of the mean. 
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There are from 10 to 13 infralabials, the distribution being as follows: 
4-10, 35-11, 37-12, and 7-13. The first pair meets on the mid-ventral line. 
The sixth and seventh are usually the largest; occasionally the fifth and sixth 
are largest. The first four or five contact the anterior genials. Rarely a cross- 
suture splits off a posterior tip of a first infralabial. 


The mental is small and triangular. The genials are in two pairs; the 
posterior set is shorter and there is usually a small scale or two preventing the 
contact of the two members of this pair. There are 3 to 5 mid-ventral scales 
between the posterior tips of the pregenials and the first ventrals, and six to eight 
gulars between the last infralabials and the nearest ventrals. 


Pattern and Color—Although there is much variation in both head and 
body patterns, even in specimens from a single area, there seems to be a mode 
which many individuals approach. On the head there is a dark-brown transverse 
mark across the internasals, then a narrow light-gray transverse line across the 
front of the prefrontals, followed by a second, and wider, dark blotch across 
the posterior half of the prefrontals and the anterior edge of the frontal itself. 
Laterally this dark mark is carried backward and downward across the eyes on 
each side, until it terminates at the supralabials, anterior to the commissure. There 
follows a light line, rather narrow compared to the dark blotch which precedes 
it; this light line crosses the frontal at about its center, then passes backward and 
downward just behind the eyes, terminating at the commissure. The light line is 
again followed by a pair of wide dark marks—the lyre-shaped marks which give 
the snake its popular name. These arise on the posterior half of the frontal and 
diverge laterally as they pass backward across the parietals to the angle of the 
jaw. Sometimes the two components of the lyre marks join on the mid-dorsal 
line to form a chevron rather than a lyre; but more often they are separated by 
a narrow mid-dorsal light line. In the space at the back of the head between 
the two lyre marks there is a triangular dark blotch with the point directed 
forward. This leaves a wish-bone shaped light mark between the lyre blotches 
and the central dark triangle. 

The upper labials are speckled with brown, especially between scales. The 
anterior infralabials are generally spotted. On the under surface of the lower 
jaw there are usually clumps of punctations at the posterior end of the first pair 
of infralabials, the ends of the pregenials, and on each side of the postgenials. 
In desert specimens, however, the upper labials are spotted between scales only 
and the lower jaw is usually immaculate. 


Sometimes the dorsal-blotch series begins with a single dark blotch on the 
neck, sometimes with paravertebral bars. The dorsal pattern comprises a set of 
dark-brown hexagons, 4 to 6 scales (end to end) long and about 15 scale 
rows wide, upon a buff, or gray, ground color. Each blotch is split across the 
center by a narrow transverse light line from 1/2 to 2 scales wide. These light 
division marks end before they reach the lateral angles of the hexagons. The 
modal pattern is much easier to discern in the juveniles than in the adults, 
because the juvenile pattern is more regular, and there is a greater color contrast. 
The transverse splitting lines in the juveniles are narrower, darker, and, con- 
sequently, less conspicuous than in the adults. The interspaces between the 
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primary dorsal blotches are about 2 to 4 scales (end to end) long. Sometimes 
these light interspaces are darkened at the center by brown punctations, or even 
by brown transverse bands. Laterally there are secondary series, usually of twice 
the frequency of the dorsal blotches. Sometimes each alternate secondary forms 
an extension of the lateral angles of the primaries down to the edges of the 
ventrals. But often there is no agreement or spatial synchronism between pri- 
maries and secondaries. Sometimes there are about three times as many 
secondaries as primary blotches. 


In the primaries the edges are darker than the centers. The interspaces are 
usually punctated with brown, more centrally than laterally; often there is a 
single light row around each primary. 


The primary blotches vary from dark brown to light; and the interspaces 
from light brown to light gray. Coastal specimens are darker than those from 
the desert. 


The ventral ground color is white, cream, or yellow, often with scattered 
brown dots; the edges of the ventral scutes are marked by the dark-brown blotches 
of the secondaries. 


The tail spots are gradual degenerations from the split hexagons of the body 
to simple dark spots with lighter centers. 


The following are some pattern notes on live specimens. The capitalized 
colors are those of Ridgway, 1912: In a specimen from Bear Valley near 
Escondido, San Diego County, California, the blotches were Rood’s Brown and 
the ground color Vinaceous-Buff. In a light-colored desert specimen from the 
Little San Bernardino Mountains of Riverside County, California, the blotches 
were Buffy Brown to Wood Brown; the ground color varied from Tilleul Buff 
to Olive-Buff; and the ventral surface from Pale Olive-Buff to White. 


Trimorphodon is often noticeably iridescent, more so than any other snake 
in this area. 


Summarizing, the most characteristic items of the T. vandenburghi pattern,, 
and, in fact, of several other species, are the lyre-shaped marks or chevrons on 
the head, and the light cross-marks splitting the body blotches. 


In vandenburghi the body blotches vary from 28 to 43, interquartile range 
32.6 to 37.3, mean 34.92+0.49, coefficient of variation 10.02 per cent. The tail 
spots vary in number from 11 to 19, interquartile range 13.4 to 15.8, mean 
14.62+0.26, coefficient of variation 12.07 per cent. 


Sexual dimorphism is evident in the Trimorphodon pattern. The males 
average 34.270.59 body blotches and the females 36.78+0.72. In tail spots 
the males average 14.54-0.29, and the females 14.35+0.41. The body blotches. 
are significantly different in the sexes; but the tail spots are not. 


Intraspecific Variations —I have not available sufficient cismontane speci- 
mens from outside San Diego County to determine any north-south trends in 
scale counts and patterns. But there are significant differences between the: 
specimens from the two sides of the mountains, that is, there are definite east- 
west trends. 
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The extent of the differences is shown in the following table of means: 


Character Cismontane Transmontane Significance, P 
Scale Rows 22.68 2233 0.27 
Ventrals, males 228.36 233.29 0.065 
Ventrals, females 235.67 243.67 0.052 
Caudals, males 71.71 68.57 0.055 
Caudals, females 63.91 64.33 0.87 
Supralabials 8.72 8.35 0.016 
Infralabials 11.71 11.30 0.041 


The significances given in the final column were computed by the method 
of pooling and the t-test usually employed with small samples. The scale-row 
result is not to be considered significant, for it is above the usually accepted level 
of 0.05, namely one chance in 20 that the discrepancy noted is purely the result 
of the chance distribution of the available samples. With respect to the caudals 
one sex is not significant and the other in the opposite direction approaches 
significance. I consider the ventrals and labials most important. While the 
ventral result for each sex is slightly short of the usually accepted level of 
significance, they tend to reinforce each other. The labial differences are signi- 
ficant. I think we may safely conclude that desert specimens average higher in 
ventral scale counts and lower in number of labials than the cismontane snakes. 


With respect to pattern, the same type of test discloses no significant 
difference in the number of body blotches or tail spots between coastal and 
desert specimens. However, in color there is a marked difference. Dorsally the 
coastal specimens are much darker and browner, for the desert specimens tend 
toward gray rather than brown, a condition observed both in the blotches them- 
selves and the interspaces. The desert pattern is more strongly contrasting because 
of the relatively lighter ground color. Some specimens are quite light even to 
the blotches themselves; this is particularly true of those from the Little San 
Bernardino Mountains in Riverside County. In the desert specimens the upper 
labials are less spotted and the lower jaw is generally immaculate, whereas in 
the coastal specimens there are charactistic clumps of brown dots on labials and 
genials. 

These differences are cited as a matter of general interest; I do not suggest 
that they are of sufficient magnitude to warrant recognition of the desert form 
as a separate subspecies. 


Interspecific Relationships—The similarities of vandenburghi and lyro- 
phanes, and their geographic relationships are such that there can be little doubt 
but the former was derived from the latter. Lyrophanes inhabits a zone which 
completely separates yandenburghi from the main body of the Trimorphodon 
population in Mexico. 

In color the cismontane vandenburghi are considerably darker and browner 
than lyrophanes, and they are characterized by brown spots on the labials and 
under-jaw not found in the latter species. But this is not true of the desert 
specimens of vandenburghi, which are lighter, grayer, and without gular marks; 
some, in fact, are lighter than any lyrophanes. 
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I have already pointed out that desert vandenburghi are higher in ventral 
scale counts and lower in labials than their coastal congeners. These trends do 
not continue into lyrophanes, for in these characters the desert specimens are 
not intermediate between the two, as might be expected from their territorial 
relationships. On the contrary, in both of these characters, lyrophanes more 
closely approaches coastal vandenburghi than the nearer desert specimens. 


Grouping all available specimens of vandenburghi (36 coastal, 18 desert) 
and all 41 lyrophanes (17 Lower California, 1 California, 5 Nevada, 1 Utah, 
13 Arizona, and 4 Sonora) we have the following table of means, with the 
respective significances of the differences ascertained by the t-test. I have not 
segregated the sexes in considering scale rows, although some sexual dimorphism 
is evident in this character. 


Significance 
Character Vandenburghi — Lyrophanes of Difference, P 

Scale rows 22.46 22.20 0.21 
Ventrals, males 230.24 228.56 0.24 
Ventrals, females 236.56 234.35 0.29 
Caudals, males 70.30 78.71 0.00001 — 
Caudals, females 63.76 68.57 0.0014 
Supralabials 8.52 8.91 0.00005 
Infralabials hS7; 12.23 0.00001 — 
Body blotches, males 34.27 27.63 0.00001 — 
Body blotches, females 36.78 28.94 0.00001 — 
Tail spots, males 14.54 14.16 0.46 
Tail spots, females 14.35 13225 0.10 


The characters which show a significant difference beyond the 0.05 level 
(ie. less than one chance in 20 that the samples were drawn from the same 
population) are the caudals, labials, and body blotches. Lyrophanes averages 
higher in caudals and labials than vandenburghi, but is lower in body blotches; 
and the differences are in the range beyond P=0.01—that is, they are highly 
significant. Nevertheless, in no case is the difference such as to be unerring in 
a key, for there is considerable overlapping. Probably the best of these characters 
is body blotches; if we divide the males at 30 (vandenburghi 31 or more, lyro- 
phanes 30 or less), and the females at 32 (vandenburghi 33 or more, lyrophanes 
32 or less), fewer than 5 per cent of the specimens keyed by this character will 
be classified inaccurately. But the nature of the anal plate remains the best single 
key character as shown by the following table, which has been discussed before: 


ANAL ANAL 
ENTIRE DivIDED TOTAL 
Vandenburghi 46 3 49 
Lyrophanes 1 38 39 
Total 47 41 88 


Ecological and Field Notes——Although T. vandenburghi, being nocturnal, 
and confined largely to boulder strewn hillsides, is not a common snake in 
collections, enough specimens have been observed to give us some knowledge of 
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its habits. I have also included here the few notes available on T. lyrophanes, on 
which little information is to be had; it is to be understood that the following 
remarks refer to vandenburghi unless otherwise specifically stated. 

We know that vandenburghi prefers rocky habitats, although not entirely 
confined to them, and that it is most plentiful in the foothill areas on both slopes 
of the Peninsula Range in southern California. Even in the foothills it apparently 
prefers the lower levels; I have not collected it above 3000 feet on the coastal side, 
nor above 2800 feet on the desert slope of the mountains. No doubt these 
altitude records will be somewhat exceeded; but I question whether the snake 
will be discovered much higher in the mountains, since so many have been found 
below 3000 feet and none in the frequently hunted area above. Close to the coast 
it seems also to be very scarce; only a single specimen has been found within ten 
miles of the coast in San Diego County, and this at a point where some high 
hills abut the ocean. 

In a record of snakes collected or observed during a sixteen year period in 
San Diego County (1923-1938) there were 44 T. vandenburghi out of a total of 
12,947 snakes, or about % of one per cent. I think the true proportionate popu- 
lation probably greater than these figures would indicate, for its secretive and 
nocturnal habits militate against its capture, compared with many of the larger 
diurnal forms. 


The zonal distribution has been as follows: 


Coast 1 
Inland valleys and mesas it 
Foothills 18 
Mountains 0 
Desert foothills 14 
Desert 0 

Total 44 


We see from this table how closely these snakes adhere to two zones 
paralleling the ocean and mountains: a cismontane strip, comprising the higher 
mesas and lower foothills; and a desert-slope strip along the barren, rocky base of 
the desert mountains. 


Specimens have been taken in every month except November; they were most 
plentiful in May and April, when 13 and 10 specimens, respectively, were found 
out of the total of 44. 


Most of the specimens which have been taken alive have been found in one 
of two ways: either by prying off chunks from parent boulders, or by driving 
along paved roads at night. The first scheme is best for daylight collecting on 
the coastal slope, and the other for night collecting in the transmontane area. 


In the first type of hunting it has been my experience that the lyre snakes 
do not take refuge under the thin rock flakes which so often harbor Xantusia 
henshawi and other lizards, and Hypsiglena ochrorhynchus amongst the snakes. 
Rather, they seem to prefer deeper and safer crevices, and thus more strenuous 
work is required to find them than by stripping off exfoliating sheets. Although 
some years ago I did extensive collecting of this kind, and must have pried off 
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a good many thousand flakes, I never found a Trimorphodon under one; but no 
less than five were found under chunks, although decidedly fewer of the latter 
were the subject of an investigating pinch bar. 


In this manner the type specimen was collected on May 4, 1924. It was 
found under a large and thick fragment which was pulled away from a granite 
boulder. On May 1, 1926, at Viejas, one large and one medium specimen were 
found together in a crack between two boulders, from which they were extracted 
with difficulty. These snakes were discovered because a section of the body of 
one was visible from the surface. It was a cold, dark, and foggy day. On April 
8, 1927, at Shady Dell, a specimen was disclosed under one large rock resting on 
another; and on April 20th of the same year at San Pasqual, one was discovered 
under a large cap rock, level and closely fitting to the top of a boulder. All of 
these points are in San Diego County. 


Other collectors have had similar experiences. James Deuel found two 
young specimens under cap rocks a few hundred feet apart at the foot of El 
Capitan Mountain, on March 31, 1939. The San Diego Reptile Club collected 
three specimens in Moosa Canyon on its field trip April 24, 1938. Two were 
found in deep rock crevices as usual, but the other was lying coiled under a bush, 
near a pile of granite boulders, at 3:15 in the afternoon. It was a partly cloudy 
day. 

Of the other type of collecting, that is by driving on desert roads and picking 
up the snakes found crossing the highway, as discussed elsewhere,” I have records 
of specimens collected at 7:25, 8:10, 9:00, 9:15, 9:55 P.M., and 12:30 A.M. 
On two of these occasions snakes were found abroad on unusually cold and windy 
nights. On the first evening, May 22, 1937, a lyre snake was crossing the road at 
9:15 P.M. This was in upper Sentenac Canyon, air temperature 66° F., and a 
strong wind blowing. So adverse were conditions that night that, although this 
is in the best area for the night collecting of desert reptiles of which I have 
knowledge, not another snake was found in two hours and a half of travel. Again, 
May 6, 1939, on the aqueduct road along the base of the Little San Bernardino 
Mountains, Riverside County, near the Pushawalla branch, a specimen was 
crossing the road at 7:25 P.M., the temperature 64° and a gale blowing. Only 
three other snakes were found abroad that night, all sidewinders, two of them a 
mating pair. But the sidewinders were in a partially protected canyon, while the 
Trimorphodon was out in the open wash. These two experiences indicate that 
lyre snakes can probably withstand as unfavorable nocturnal weather conditions 
as any of our desert snakes. 

The coastal-slope vandenburghi are so dark in color that they would be 
difficult to see in driving along a road at night, although finding specimens 
crushed by highway traffic shows that they do roam about at night. Charles E. 
Shaw found one crawling on the seat of summer house at Suncrest at 9:15 P.M., 
October 31, 1939. Some years ago C. Martinez wrote me concerning the capture 
of a Trimorphodon at Bear Valley, near Lake Wohlford: “On a dark night 
about 9:00 o’clock, my dog began to bark. I came out of the house and discovered 
the snake on a clear space close to rocky ground.” 


2 Klauber, 1939. 
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Occasionally T. vandenburghi takes refuge under debris; one was found on 
the slope of Mt. Helix under an old horse-collar pad, lying with other debris 
near a burned house. 

Few similar data are available on T. lyrophanes. Van Denburgh and Slevin, 
1921, p. 70, mention one found in the thatched roof of a house at San José del 
Cabo, as it crawled over the rafters late in the afternoon. Dr. Berry Campbell 
found one trying to enter his tent at 11:30 P.M.; this was at Pena Blanca Spring, 
Arizona, Aug. 1, 1933. Dr. E. H. Taylor (1938a, p. 495) collected three 
near Guaymas, Sonora. One was crawling on gravelly ground at sea level about 
midnight, and another on similar terrain near the beach. The third was found 
tightly coiled in a niche in a low rock cliff near the sea at about 10:00 A.M. 
These specimens were referred by Taylor to the species lambda. 


That Trimorphodon is a venomous snake has been amply proved, but it is 
probably not to be considered dangerous to man, because of its small size and 
the inefficiency of the biting mechanism, compared with that of front fanged 
snakes. Trimorphodon has several obvious handicaps: the fangs are relatively 
small; they are open channeled instead of closed tubes; and, most important of 
all, they are located so far back in the upper jaw that they can be effective only 
on objects of small diameter, and only then if conditions permit a sort of chewing 
of the venom into the wound. With such limitations the chance of being seriously 
bitten by a Trimorphodon is remote indeed; nevertheless it would be best to 
avoid undue carelessness with large specimens, particularly of the size reached by 
some of the species found in southern Mexico and Central America. The writer 
was once bitten by a Trimorphodon, but it was given no opportunity to chew, 
and there was no evidence of venom having gained access to the wound, nor 
did it differ in any other particular from that of a harmless snake. 


An early observation on the effect of Trimorphodon venom was given by 
Dugés, 1884, (translation available in Stejneger, 1895, p. 348). He noted that 
the snake chewed its victim, a lizard of the genus Cnemidophorus, and at the 
end of a few moments the bitten animal died without convulsions. 

On several occasions I have watched Trimorphodon vandenburghi eating 
lizards in captivity, usually Xantusia henshawi. In one such instance the snake 
grasped the lizard by the center of the body with the upper jaw so placed as to 
engage the lizard’s ventral surface. The jaws were widely extended so that the 
posterior teeth were effective. The snake, without the use of its body for con- 
striction or holding, bit repeatedly with spasmodic movements of jaws and neck 
muscles. The biting movements were at approximately four second intervals. 
This was kept up for seven minutes. Here I ceased observations, and, returning 
after ten minutes, found the snake engulfing the lizard head first. Upon being 
disturbed the lizard was dropped; it seemed lifeless except for a twitching of 
the tail. It was left in the cage and was eaten later. On another occasion the 
procedure was much the same; again the snake’s head was turned so that the 
fangs engaged the under surface of the prey and the spasmodic biting was 
repeated. The lizard seemed quite dead in about ten minutes, after which 
swallowing began. Subsequent observations indicate that the engagement of the 
fangs in the less protected ventral surface of the lizard occurs so frequently that 
it must be deemed deliberate. 


KLAUBER—LYRE SNAKES 179 


The most complete description of the fang of Trimorphodon is given by 
Cowles and Bogert, 1935. It is shown to be deeply grooved but with the canal 
unsealed in front. These investigators also carried on experiments with a specimen 
of vandenburghi about 700 mm. long to determine the effect of the venom on 
small mammals. A rat and a mouse were bitten. Both showed the effects of 
venom but recovered. The experimenters conclude that the venom is chiefly 
hemorrhagic in effect, and that while a painful wound might be produced in 
man, if the snake were allowed to chew, it would not be serious. 


Rodman, 1939, reports that a specimen of T. vandenburghi in captivity bit 
a mouse in the tail and the venom seemed to affect the mouse severely. However, 
the snake killed the mouse by constriction. Later the Trimorphodon seems to 
have killed a small gopher snake by the use of venom, although it was itself 
killed by the constriction of the gopher snake. 


To determine the approximate size and position of the fangs of vandenburghi 
I investigated my largest specimen, which has a body length over-all of 1055 mm. 
and a head length of 32.7 mm. The fangs were found to be opposite the rear of 
the eye, just forward of the suture between the fifth and sixth supralabials. This 
was about 13 mm. behind the rostral, and 12 mm. anterior to the angle of the 
mouth. The fangs have an F-length? of about 2.2 mm. They point backward 
at a decided angle, probably more than 45 degress from the vertical. They also 
turn inward somewhat and are slightly curved. 


Captive specimens eat lizards readily; these are no doubt their principal food 
in the wild. Specimens of vandenburghi have been collected which had eaten 
Xantusia henshawi and Uta stansburiana hesperis. One T. lyrophanes had eaten 
a juvenile Ctenosaura hemilopha. But occasionally both yandenburghi and 
lyrophanes are found to contain mammal hair; one of the latter had caught a 
mouse. Probably Xantusia henshawi, the granite night lizard, comprises the prin- 
cipal food supply of vandenburghi in most areas, since they inhabit the same 
rocks and have much the same hours of activity. 


In captivity vandenburghi has been fed Xantusia henshawi, X. vigilis, and 
small specimens of Sceloporus. I had a specimen which ate seven X. henshawi 
in three weeks. They normally take food only in the dark, are easily disturbed 
by light and drop the prey. However, this may sometimes be to secure a better 
hold for swallowing. Cowles and Bogert observed that one snake dropped the 
lizard it was attacking (Xantusia vigilis) about five minutes after striking it. 
The lizard was then dead and was dropped in order that a head-hold could be 
secured preparatory to swallowing. Rodman noted that a specimen constricted 
a mouse. I have not seen this done on lizards, for, with these, the snakes appear 
to depend on the effectiveness of the venom. One captive lyro phanes from Cape 
San Lucas ate a California linnet. 


In captivity, T. vandenburghi shows itself to be a rather nervous snake. 
When annoyed it rears into a striking position with the anterior part of its body 
raised and the neck in an S-loop. The tail is vibrated rapidly. It will strike at 


3 Occ. Papers S. D. Soc. Nat. Hist., No. 5, p. 20, 1939. 
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moving objects with fair accuracy in the dark, but with poor direction in the light. 
It tries to retreat from danger by raising the anterior part of the body and always 
seeks refuge by going upward if it can. But this is not its normal crawling position 
when found on the road at night, for it progresses with head down in the usual 
way. When in captivity, if a bush be available it will spend. much time in the 
branches. Possibly some of the Mexican and Central American forms may be 
partly arboreal. 

Rodman, 1939, observed that a specimen dug in earth like other burrowing 
snakes, that is by advancing the head and neck into the soil and then with- 
drawing with the earth to be removed in a loop or crook of the neck. 

Little is known concerning the enemies of Trimorphodon. In captivity one 
was eaten by a king snake (Lampropeltis getulus californiae). Several were 
observed to be infested by mites. 

On May 11, 1933, a specimen of T. lyrophanes from Cape San Lucas laid 
13 eggs. They averaged 30 x 17 mm. in size. Dr. R. B. Cowles has advised me 
that a large vandenburghi (length 1055 mm.) deposited 12 eggs in September. 
This was a desert specimen from the Little San Bernardino Mountains; it had 
been in captivity since May. Cowles and Bogert, 1935, have mentioned a brood 
of vandenburghi found in the wild just after birth. This was on October 1, 1934. 


Locality Records —CALiFoRNIA: San Diego County (Cismontane)—Agra 
(near San Onofre), Bear Valley (near Lake Wohlford), Richland, Moosa 
Canyon, Escondido (also 3 mi. w.), San Pasqual, Wildwood (type locality), 
Shady Dell, Mussey Grade, Padre Barona, 3 mi. w. of El Capitan, Foster (also 
3 mi. e.), Lakeview (also known as Glenview or Johnstown), Flinn Spring, 
Chocolate Creek, Alpine, Viejas, Suncrest, Grossmont, Mt. Helix, Hillsdale, 
Deerhorn Flat, Dulzura, Cottonwood. 

San Diego County (Transmontane) —San Felipe Valley, Sentenac Canyon, 
Yaqui Well, The Narrows, Carrizo, Jacumba (also 2 mi. w.), Mountain Spring 
Grade (near Imperial County line). 

Imperial County—Mountain Spring, Myers Creek Bridge, Travertine Rock 
(U. S. 99 at Riverside County line). 

Orange County—Silverado Canyon (Santa Ana Mountains), Black Star 
Canyon (Santa Ana Mountains). 

Riverside County—5Y2 mi. sw. of Sage, Temecula, Perris, Mockingbird 
Canyon (s. of Arlington), Box Spring Grade (5 mi. se. of Riverside) , Morena 
Grade (10 mi. w. of Beaumont), Tahquitz Creek (near Palm Springs) , Pusha- 
walla Canyon (Little San Bernardino Mountains), Berdoo Canyon (Little San 
Bernardino Mountains) . 

Los Angeles County—Mulholland Highway (Santa Monica Mountains), 
Sierra Madre, San Gabriel Canyon (near Azusa), Claremont, 4 mi. nw. of 
Acton. 

San Bernardino County—Deadman’s Point (Lucerne Valley). 

Kern County—Red Rock Canyon. 

Inyo County—Near Water Canyon (Argus Mountains). 
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Trimorphodon lyrophanes (Cope) 
SONORAN LyrE SNAKE 
Plate 7, fig. 2. 


1860. Lycodon lyrophanes Cope, Proc. Acad. Nat. Sci. Phila., Vol. 12, p. 343. 
Cotype specimens (2): USNM 4680. Type locality Cape St. (San) 
Lucas, Baja California, Mexico. 

1861. Trimorphodon lyrophanes Cope, Proc. Acad. Nat. Sci. Phila., Vol. 13, 
p. 297. 

1886. Trimorphodon lambda Cope, Proc. Am. Philos. Soc., Vol 23, p. 286. 
Type specimen: USNM 13,487. Type locality: Guaymas, Sonora, 
Mexico. 

1895. Trimorphodon biscutatus (part) Gunther, Biologia Centrali-Americana, 
Rept. Batr., p. 174. 


Diagnosis—A species of Trimorphodon of moderate size, characterized by 
large body blotches, split transversely by light bars, and from 222 to 243 ventral 
plates. It differs from vandenburghi in having a divided anal plate, fewer body 
blotches, and a proportionately longer tail. It has more and longer blotches 
than vilkinsonii. 


Range.—Southern and central Lower California, Sonora, southern, west- 
central, and northwestern Arizona, southwestern Utah, southern Nevada, and 
southeastern California bordering the Colorado River. 


Material —The description which follows is based on 41 specimens, of which 
17 are from Lower California, 13 from Arizona, 5 from Nevada, 4 from Sonora, 


and one each from Utah and California. 


Morphology.—The body is slim and attenuated, with a delicate tail. The 
neck is thin, and from it the head is very distinct, with the temporal regions 
particularly swollen. The snout is blunt and rounded. The eyes are peculiarly 
protuberant; they are large, with a diameter equal to the distance from the anterior 
edge of the eye to the rear of the postnasal. The iris in life is flecked with gray 
and brown. The pupil is vertical and is closed to the merest slit, even in subdued 
(north) light. The eyes are rotatable through a considerable angle and seem to 
have some independence of action. 


The longest specimen available to date measures 1026 mm. (40! in.); 
it is from Tucson, Arizona. The largest Lower California specimen is 1002 mm. 
long. Both are females. Out of 37 measurable specimens, four, including the 
two above, exceed 900 mm. Of these, three are females. The longest male is 
912 mm. I think that lyrophanes is a somewhat larger snake, on the average, 
than vandenburghi, although I have one of the latter slightly larger than any 
available lyrophanes, and Dr. R. B. Cowles has told me of another of equal size 
(1055 mm., or 41! in.). The smallest lyrophanes found to date measures 274 
mm. The head length in adults is about 3.1 per cent of the length over-all. The 
tongue is pink. 

The tail length in the males averages about 17.7 per cent of the body length 
over-all; the corresponding female ratio is 15.3 per cent. The majority of the 
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males will fall between 16.0 and 19.0, and the females between 14.0 and 16.5 
per cent. Lyrophanes has, proportionately, a somewhat longer tail than vanden- 
burghi. The limited number of specimens at hand does not permit a satisfactory 
determination of the ontogenetical tail-length trend; I therefore give the ratios 
as if there were no change with age, although such a conclusion is by no means 
assured. 


The most accurate description of the dentition is that of Taylor, 1939, p. 
361. This is from a skeletonized specimen taken near Guaymas, Sonora, Mexico. 
Taylor gives this under the species T. lambda and it is only referable to lyro- 
phanes if I am correct in considering the former a synonym of the latter. The 
dental characters as given by Taylor follow: “Four anterior maxillary teeth 
enlarged, strongly curved, the first more slender and shorter than the others, 
the third largest of all the teeth; the middle part of the maxillary occupied by 
five teeth scarcely half the length and thickness of the preceding teeth; this 
group followed by one (two on right side) large, grooved fang, slightly curved, 
directed somewhat backward; seven palatine teeth, the anterior three or four 
considerably larger than the others; about 15 equal pterygoid teeth; about 17 or 18 
mandibular teeth, the anterior two or three enlarged.” 


Since I have available no fully everted hemipenes from lyrophanes I can 
give only a tentative description. The organs are unbifurcated and with sulcus 
single. At the base the shaft is smooth, followed by an enlarged section covered 
with almost microscopic points. The outer end is decorated with flounces, but 
whether these are transverse or longitudinal, I have been unable to determine. 
Several spines seem to be present distally in one specimen. 


Scutellation —The body is covered with smooth and imbricate scales. Paired 
apical scale pits are faintly evident on a few scales. There are from 21 to 24 
scale rows at mid-body, the dispersion among 40 specimens being 9-21, 14-22, 
14-23, and 3-24. Thus, as is typical of Trimorphodon, there is an unusually 
large number of specimens having an even number of scale rows, as compared with 
most colubrid snakes, which seldom have an even number of rows. This results 
either from a splitting of the mid-dorsal row to convert the normal 23 to 24, 
or the suppression of the mid-dorsal to 22. In fact, dorsal, rather than the usual 
lateral condensations, are evident in Trimorphodon. Typical specimens with 23 
rows at mid-body, have 22 rows on the neck and 15 or 16 just anterior to the 
anus. The anterior change is effected by a single mid-dorsal suppression; the 
posterior by one pair of lateral reductions (in which the third and fourth rows 
merge to form a new third) and 5 or 6 dorsal suppressions, scattered from the 
middle of the body to the beginning of the tail. In these, either the odd mid- 
dorsal is suppressed, or (if there be an even number of rows in this particular 
section) the two mid-dorsals are combined. 


The data on the ventrals are as follows: Males (18 specimens) : maximum 
range 222 to 235, interquartile range 225.8 to 231.3, mean 228.56+0.97, 
coefficient of variation 1.80 per cent; females (17 specimens) : maximum range 
222 to 243; interquartile range 230.3 to 238.5, mean 234.35+1.48, coefficient 
of variation 2.60 per cent. The anal is divided in 38 out of 39 specimens. 


The subcaudals are divided. The terminal cone is thin and delicate, and 
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is often broken off and lost. In the males (17 specimens with complete tails) 
the subcaudals range from 71 to 86, interquartile range 75.8 to 81.6, mean 
78.71+1.03, coefficient of variation 5.39 per cent. The females (14 specimens) 
have the following variations: extreme range 63 to 76, interquartile range 65.9 
to 71.3, mean 68.57 +1.07, coefficient of variation 5.83 per cent. 


The rostral is rounded, wider than high, deeply recurved and indented 
below. The upper end is pointed and partially separates the internasals. The 
internasals are somewhat wider than high; they are much smaller than the 
prefrontals. The anterior loreals deeply indent the lateral sutures between inter- 
nasals and prefrontals. The prefrontals are relatively large; they are sometimes 
wider than high, sometimes the reverse. The suture between them is slightly 
diagonal. The frontal is pentagonal or wedge shaped. The front is straight; 
the posterior point partly separates the parietals. The supraoculars are non- 
imbricate, shorter than the frontal, and widen posteriorly. The parietals are the 
largest of the head plates; they are narrower posteriorly. The nasal is divided 
at an angle; the nostril is near the top of the suture, which slants forward above. 
Of the available specimens, about one third have two loreals, and nearly all of 
the rest three; four or five loreals occur rarely. Where there are two loreals the 
anterior is the larger; it is quite high and a point at the upper end protrudes into 
the suture between the internasals and prefrontals. The third loreal, if present, is 
usually a small subloreal beneath the posterior of the first pair. Occasionally 
the posterior is split horizontally to form a fourth. Usually there are three 
preoculars, the upper being the largest. Ten per cent of the specimens have 
only two preoculars, and four have been found in two specimens. Rarely the 
point of the upper preocular contacts the frontal, but this is not normal in this 
species. There are usually three postoculars, the lower being the largest; some 
specimens are found with two or four. In rare instances the upper postocular is 
as large as the lower. The temporals are quite variable; they may be 2+3, 3+3, 
2+4, or 3+4. A few specimens have been found with 242, 3+5, 4+4, 
and 4+5. 

There are from 8 to 10 supralabials, the dispersion being 19-8, 46-9, and 
12-10. The fifth and sixth, or, less often, the sixth and seventh are the largest; 
the fourth and fifth contact the eye. 


There are from 10 to 14 infralabials, the distribution being 3-10, 15-11, 
17-12, 28-13, and 4-14. The first pair meets on the mid-ventral line. The 
sixth and seventh, or the fifth and sixth are largest. The first four or five contact 
the anterior genials. 


The mental is small and triangular. The genials are in two pairs; the 
posterior set is shorter than the anterior; usually there is a small scale or two 
separating the two members of the second pair. There are 3 to 5 mid-ventral 
scales (end to end) between the posterior tips of the pregenials and the first 
ventrals. There are usually seven or eight gulars between the last infralabials 
and the nearest ventrals. 


Pattern and Color—There is much variation in the pattern and color in this 
species. Essentially the body pattern includes a series of brown or gray-brown 
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dorsal blotches on a grayish background, each blotch being split by a transverse 
light bar. 

On the head there is sometimes a brown transverse mark across the inter- 
nasals, followed by a narrow light-gray transverse line across the front of the 
prefrontals, or this area may be gray or mottled. There is a dark band across the 
posterior half of the prefrontals and the anterior edge of the frontal itself. 
Laterally this dark mark is carried backward and downward across the eyes on 
each side, terminating at the supralabials, anterior to the commissure. This is 
followed posteriorly by a light bar, rather narrow compared to the dark blotch 
which precedes it; this light line (often punctated with dark brown) crosses the 
anterior half of the frontal, then passes backward and downward behind the 
eyes, terminating at the angle of the mouth. The light line is in turn followed 
by a pair of wide dark marks, the lyre-shaped marks from which the snake is 
named. These arise on the posterior half of the frontal and diverge laterally as 
they pass backward across the parietals to the angle of the jaw. Often the two 
marks representing the lyre frame join on the mid-dorsal line to form a chevron; 
sometimes, particularly in specimens from Lower California, this connection is 
prevented by the interposition of a narrow mid-dorsal light streak. (In Nevada 
specimens, instead of there being a single central light line between the two 
halves of the lyre, there are two lateral diagonal interruptions). In the space at 
the back of the head between the two lyre marks, or within the angle of the 
chevron, there is a triangular dark blotch with the point directed forward; this 
may, or may not, be joined to the first dorsal blotch on the neck. 


The upper labials are usually light except for a few brown spots concentrated 
in the sutures. The lower labials and gulars are unmarked. 


The primitive dorsal pattern, as seen in juveniles from Sonora and Nevada, 
comprises a series of dark-brown diamonds (with acute lateral angles) on a light- 
gray background. Each diamond is split transversely by a light-brown line. On 
the lower lateral scales there is a secondary series of small irregular dark marks 
of two to three times the frequency of the primary diamonds. These secondaries 
engage the outer tips of the ventrals. 

As the snakes age, the color contrast between the blotches and the ground 
color becomes less accentuated. The lateral areas become filled with dark 
punctations, which are much more noticeable in lyrophanes than in vandenburghi. 
Usually the scale row contiguous to the blotches is less punctated than the other 
areas, so that the blotches seem bordered by light scales. The blotches are often 
darkest on their outer edges, particularly along the mid-dorsal line. 

There is much irregularity in the size and separation of the dorsal blotches 
in the adults. Generally they are about 5 to 9 scales (end to end) long and 
about 14 to 17 scale rows wide. Each blotch is split across the center by a narrow 
transverse light line from 1/2 to 2 scales wide. These light division marks usually 
terminate before they reach the lateral angles of the main blotches. The inter- 
spaces between the blotches are about 3 to 5 scales (end to end) long. The 
blotches in the adults are quite irregular in shape, but are often hexagons or 
rectangles with pointed side extensions. 

In the adults the primary blotches vary in color from dark brown to gray; 
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and the interspaces (behind the punctations) from buff to light gray. 

The ventral ground color is cream, yellow, or tan, often with scattered brown 
spots; the edges of the ventral scutes are marked by the dark-brown blotches of 
the secondaries. 

The tail spots gradually degenerate, from the split blotches characteristic of 
the body, to small dark spots with light centers. 

The body blotches in lyrophanes vary from 21 to 34, interquartile range 
25.9 to 30.2, mean 28.080.52, coefficient of variation 11.30 per cent. The 
tail spots vary in number from 10 to 18, interquartile range 12.5 to 15.1, mean 
13.77+0.35, coefficient of variation 14.26 per cent. 


Intraspecific Variations and Interspecific Relationships—I have already 
discussed the relationship between lyrophanes and vandenburghi under the latter 
species, wherein it was indicated that the California form is probably an offshoot 
of the more widespread lyrophanes. Lyrophanes in its turn seems to be related 
to biscutatus, a larger Mexican species, or, more probably, to paucimaculatus. It 
differs so widely from vilkinsonii in pattern that a close relationship between the 
two appears doubtful. 


I have examined two specimens of paucimaculatus from Mazatlan (Stanford 
4087-8). I find these substantially in agreement with the description of the type 
(Taylor, 1937b, p. 527). The body and tail blotches (25-13, 24-12) are within 
the range of lyrophanes; the essential divergence from lyrophanes lies in the 
ventrals (251, 253), which are definitely higher than in that species. The pattern 
is not greatly different from some lyrophanes, and I should judge that a sub- 
specific relationship between the two is by no means impossible. The Stanford 
specimens are like the type in not having the upper preoculars in contact with the 
frontal; in this paucimaculatus and lyrophanes* are alike and differ from 
biscutatus. 

Subsequent to the completion of this paper one of those last-minute acquisi- 
tions was made which so frequently upset what hitherto has seemed a consistent 
and logical arrangement. This is a specimen sent me alive through the courtesy 
of Mr. Lee Arnold of the University of Arizona. It was collected at Kingsley, 
about 37 miles south of Tucson, Pima County, Arizona. This snake differs from 
the other Arizona material in a number of ways; it is darker in color, more 
slender in body, has a narrower head, a more prominent vertebral ridge, has no 
scales between the postgenials (occasional in lyrophanes), and the upper pte- 
oculars contact the frontal on both sides. In dorsals, ventrals, subcaudals, and the 
other more important elements of lepidosis, it falls well within the range of 
lyrophanes. The body blotches and tail spots (23-10) are low, but not outside 
the range of lyrophanes. However, it is in the character of the hemipenes that 
this specimen shows the greatest novelty, for instead of the distal transverse 
flounces edged with tiny points which certainly characterize vandenburghi, and 
probably lyrophanes as well, the outer third is covered with about 54 relatively 
large spines, the ridges being absent. I use the word “probably” in referring to 
lyrophanes since I do not have available from that species any good extruded 
organs, as in the case of vandenburghi; and I confess to a certain difficulty in 


4 This contact has been observed in a few /yrophanes but is quite unusual. 
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interpreting the configuration of unextruded or partly extruded material. I have 
examined three sets from lyrophanes (2 Arizona, 1 Sonora) and they appear 
to be similar to vandenburghi, with distal fringes rather than spines, although 
3 or 4 spines may be present in one. 


I wish to point out that, although this specimen may disclose the presence 
of two species of Trimorphodon in Arizona, it does not tend to differentiate 
lambda from lyrophanes, since neither the Sonora nor the Lower California 
specimens have the characters of this peculiar individual. One may presume from 
the contact between the upper preoculars with the frontal, that it is allied to 
biscutatus, from which, however, it differs in ventral and subcaudal scale counts; 
or it may be related to upsilon. With respect to the preocular-frontal contact in 
lyrophanes (including the possibly valid subspecies lambda) I find no contact in 
8 specimens from Arizona, one from California, one from Utah, or in 3 from 
Sonora. Out of 5 specimens from Nevada, contact is barely made on one side 
only in two specimens, and the same is true of one out of four specimens from 
Lower California. 


Here I leave the puzzle of the status of this peculiar individual until more 
material can be acquired. I do not think it will prove a subspecies of lyrophanes, 
since a specimen quite typical of this form is at hand from Tucson, only 37 
miles down the Santa Cruz River from Kingsley. The wide difference between the 
hemipenes of this new Arizona specimen and those of vandenburghi and lyro- 
phanes suggests that the characters of these organs may aid materially in the 
solution of some of the problems of the Mexican and Central American species. 


In determining the intraspecific trends in lyrophanes we are badly handi- 
capped by lack of adequate material, as has already been pointed out in discussing 
the possible validity of lambda. While a total of 41 specimens may seem adequate, 
the territory occupied by the species is so large and so ecologically variable, that 
no single region is represented by a series large enough to permit a proper survey 
of local variations, without which, trends cannot be accurately determined. 
Hence, I have abandoned any idea of a statistical investigation and will merely 
point out some of the apparent territorial differences. Adequate material may 
later serve either to prove or disprove these suggestions. 


Lower California specimens seem to have more scale rows, on the average, 
than the mainland specimens, for there are several specimens with 24 rows from 
the Cape region and none with 21, while the contrary is true over the rest of 
the range. In ventrals, as well, the Lower California specimens run high; there 
are indications that the Nevada and Utah snakes are lowest, those from Sonora 
(lambda) being intermediate. The caudals have already been discussed; here seems 
to be the weightiest character tending to validate lambda as a subspecies. The 
Lower California specimens are low, Nevada intermediate, Arizona intermediate 
ot high, and Sonora high. In this connection it may also be stated that the 
tail-length ratio of the Sonora snakes is higher than in those from Lower Cali- 
fornia. I find no apparent differences in the labials, loreals, or oculars. The 
body blotches are so variable that little of interest is to be learned; the Arizona 
specimens seem to average lower than other areas, including Sonora and Lower 
California. In tail spots, as previously discussed, there is an indication of a 
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significant average difference between snakes from Sonora on the one hand and 
Lower California on the other, the former running higher. Here again there is 
a possible verification of lambda as a subspecies worthy of recognition. 


In pattern and color there is much variation, some of which may be 
geographically consistent. The Lower California specimens have longer body 
blotches and proportionately narrower interspaces than the Sonora and Arizona 
snakes. Also, the stippling in the interspaces is not nearly so evident in the 
Lower California specimens as in those from the mainland areas. It is to be 
remembered that this is a character which becomes more evident with age. Some 
of the Arizona and Sonora snakes are very heavily punctated, especially on the 
sides, between the major blotches. Finally, there is the splitting of the lyre 
marks on the head by a central light line. This is characteristic of the Lower 
California snakes, but is unusual among the others. In both groups there are 
individuals in which the split is partial. 


Field Notes—I have been able to secure so few data on the life history of 
T. lyrophanes that such as there are have been presented under T. vandenburghi. 
Doubtless the two species differ little in habits. I think it probable that lyrophanes 
is less essentially a rock-dweller than vandenburghi, at least in some of the areas 


inhabited. 


Locality Records——LowEr CALIFORNIA: Cape San Lucas (type locality), 
San José del Cabo, Santa Anita, Miraflores, Sierra San Lazaro, Todos Santos, 
La Paz, Santa Rosalia, San Ignacio. 

CALIFORNIA: Riverside County—Riverside Mountains (near Colorado 
River) ; San Bernardino County—Vidal. 


Nevapa: Clark County—Boulder City, 2 mi. s. of Las Vegas. 


Uran: Washington County—Saint George, 12 mi. w. of Springdale, 
Zion National Park. 

ArIzONA: Yuma County—Gila Mountains, Summit Telegraph Pass 
(Gila Mountains) , Ligurta; Maricopa County—Wickenburg (also 9 mi. se. and 
12 mi. s. on Hassayampa River) , near Cave Creek; Pima County—Tucson Moun- 
tains (also “A” Mountain), 4 mi. n. of San Xavier Mission, Escuela, mouth of 
Sabino Canyon (Santa Catalina Mountains), Agua Caliente Ranch (Tanque 
Verde Mountains), Tanque Verde Ranch (Tanque Verde Mountains), Rose- 
mont; Cochise County—Fort Huachuca, Ramsey Canyon (Huachuca Moun- 
tains), Tombstone; Santa Cruz County—Fort Buchanan, Cayetano Mountains 
(near Calabasas) , Pefia Blanca Spring, Patagonia. 


Sonora: Guaymas (type locality of lambda), La Posa (near Guaymas), 
Puerto Libertad. 


Trimorphodon vilkinsonii Cope 


Texas LyrE SNAKE 


1885. Trimorphodon vilkinsonii Cope, Proc. Am. Philos. Soc., Vol. 23, p. 285. 
Type specimen: USNM 14,268. Type locality: Chihuahua, Mexico. 
1887. Trimorphodon wilkinsonii Cope, Bull. U. S. Nat. Mus., No. 32, p. 68. 
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1896. Trimorphodon upsilon (part) Boulenger, Cat. Snakes Brit. Mus., Vol. 3, 
p22: 


Diagnosis —A species of Trimorphodon characterized by few and widely 
separated dorsal blotches, and these not split by the transverse light marks 
characteristic of lyrophanes, vandenburghi, and other species. 


Range.—Chihuahua and extreme western Texas; probably southern New 


Mexico. 


Material—Only three specimens are known at this time, the type from 
Chihuahua, and two from the vicinity of El Paso, Texas. Certain specimens in 
the British Museum may belong to this species. 


Description-—With only three specimens available, and two of these 
juveniles, the description must necessarily be incomplete. No attempt will be 
made to segregate the counts between sexes. . 


The body is of the usual Trimorphodon form, but with the head somewhat 
less distinct than lyrophanes. The longest available specimen measures 728 mm., 
the shortest 272 mm., the latter being the type. 


There are 22 or 23 scale rows at mid-body, 21 or 22 on the neck, and 15 
or 16 at the base of the tail. There is one pair of lateral suppressions, wherein 
the second and third rows are condensed to form a new second; or the third 
and fourth may coalesce. The rest of the suppressions are mid-dorsal. The 
ventrals vary from 225 to 231 and the subcaudals, which are divided, from 76 
to 79. The anal is divided. 


The rostral is wider than high and deeply indented below. The frontal is 
pentagonal, with the point partly separating the parietals. The supraoculars are 
small and non-imbricate. The upper preoculars do not contact the frontal. The 
nasal is divided by a suture through the nostril. The loreals are 2-2 in two 
specimens and 3-3 in the third. They comprise an anterior loreal higher than 
wide and a somewhat smaller posterior. If a third loreal be present, it consists of 
a small subloreal under the posterior. The preoculars are 3-3, the upper largest; 
the postoculars are also 3-3, the upper and lower larger than the middle. The 
temporals are 3+4 or 315. The supralabials are 9, but one specimen has 10 on 
the left. The fourth and fifth contact the eye; the fifth and sixth exceed the 
others in size. The infralabials number 11 to 13; the first pair contact on the 
mid-ventral line; the fifth or sixth is largest. The first five contact the anterior 
genials. The mental is small and triangular. The genials are in two pairs, the 
anterior longer, the posterior separated by small gulars. There are 3 or 4 scales 
on the mid-ventral line between the posterior ends of the anterior genials and the 
first ventrals, and 6 or 7 gulars between the last infralabials and the adjacent 
ventrals. 


The head markings on this snake are much less prominent than in lyrophanes 
or vandenburghi. The head is blue gray on top, with a single brown spot on the 
back of the frontal and the anterior halves of the parietals. There are some 
evidences of punctations on the upper surface of the head, particularly in the 
sutures between plates. The rostral and supralabials are somewhat lighter than 
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the top of the head. The infralabials and under side of the jaw have little 
of the gray ground color and comprise the lightest areas of the snake. 

The body pattern consists of a series of dark-brown cross bands on a blue- 
gray ground color; these bands continue on the tail. In the three specimens 
available, the body bands number from 17 to 22, and the tail spots from 7 to 10. 
The bands do not encircle the body, but do engage the outer ends of the 
ventrals. There is also a series of small secondary blotches, of which there are 
one or two between each major pair. These usually begin on the first scale row 
and are carried below to the ends of the ventrals. 

The primary blotches are wider dorsally than laterally, and the interior 
scales may be somewhat lighter than the borders, possibly a last vestige of the 
characteristic Trimorphodon transverse light bars. Between blotches the ground 
color is stippled with darker gray, except for a lighter edge bounding each primary 
blotch. The interspaces are much wider than the blotches themselves, even mid- 
dorsally, where the blotches are widest. Along the median line the blotches are 
4 or 5 scales wide (end to end), decreasing to 2 or 24% scales at the base of the 
tail. The interspaces are 8 to 12 scales wide. 


Relationships——Vilkinsoni differs so considerably from lyrophanes in 
pattern it would seem highly improbable that an intergrading series should be 
found in southeastern Arizona and southwestern New Mexico. Its nearest 
existing relative may be upsilon to the south. 


Locality Records CHIHUAHUA [city?] (type locality). 


Texas: El Paso County—5 mi. n. of El Paso (e. slope Mt. Franklin) , Rio 
Grande River (3 mi. nw. of El Paso). 


KEY TO THE LYRE SNAKES 


OF THE GENUS TRIMORPHODON IN THE UNITED STATES 


A. Body blotches (exclusive of tail) usually less than 23; 
width of blotches (along the body) much less than 
IIEEESPAGE St et Porro eS alee, T. vilkinsonu 
Extreme western Texas, northern Chihuahua, and 
probably southern New Mexico. 
AA. Body blotches usually exceed 22; width of blotches 
(along the body and neglecting the light lines trans- 
versely splitting each blotch) equal to, or greater than, 
interspaces 
B: Anal plate normally entire... T. vandenburghi 
Southern California from Los Angeles County and 
central Inyo County south into northern Lower 
California. 
BB. Anal plate normally divided oi T. lyrophanes 


Southern and central Lower California, Sonora, 
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southern, west-central and northwestern Arizona, 
southwestern Utah, southern Nevada, and south- 
eastern California along the Colorado River. 
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SUMMARY 


The lyre snakes of the genus Trimorphodon are represented in the United 
States by three species: T. vandenburghi, T. lyrophanes, and T. vilkinsonii. T. 
lambda is for the present considered a synonym of lyrophanes, but, with addi- 
tional material, may eventually deserve recognition as a valid subspecies. 
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PLATES] 


Fig. 1. Trimorphodon vandenburghi. Type specimen. Collected at Wildwood 
Ranch, San Diego County, California. 


Fig. 2. Trimorphodon lyrophanes. Collected at Cape San Lucas, Lower Cali- 


fornia, Mexico. 
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TWO NEW SUBSPECIES OF PHYLLORHYNCHUS, 
THE LEAF-NOSED SNAKE, 
WITH NOTES ON THE GENUS 
BY 


LAURENCE M. KLAUBER 
Curator of Reptiles and Amphibians, San Diego Society of Natural History 


INTRODUCTION 


In 1935 I published! a survey of Phyllorhynchus, the leaf-nosed snakes, a 
genus of small, stubby snakes inhabiting the deserts of the southwest. Since then 
a considerable addition has been made to the available material, so that it is now 
possible to define the several forms with greater certainty in respect of their 
character dispersions. However, as a complete resurvey would involve much 
repetition of data contained in the prior report, I shall, in the present instance, 
confine my remarks to the changes and additions which the new specimens make 
possible; with regard to the other aspects of the genus, reference is made to the 


prior paper. 
A NEW SUBSPECIES OF DECURTATUS FROM NEAR TUCSON 


In the previous paper (p. 22) certain differences between the snakes from 
southern Lower California, belonging to the subspecies decurtatus decurtatus, and 
those from the vicinity of Tucson, Arizona, were pointed out, but a segregation 
was deemed inadvisable since only 13 specimens were at hand from both areas. 
Additional specimens have now been secured from the vicinity of Tucson, and 
these verify the differences from the Lower California material previously noted. 
The Arizona snakes are therefore allocated to a new subspecies 


Phyllorhynchus decurtatus nubilus subsp. nov. 


CLoupy LEAF-NOSED SNAKE 
Plate 8, fig. 1. 


1922. Phyllorhynchus decurtatus (part) Schmidt, Bull. Am. Mus. Nat. Hist., 
Vol. 46, Art. 11, p. 685. 

1933. Phyllorhynchus decurtatus browni Linsdale, Copeia, No. 4 of 1933, p. 222. 

1935. Phyllorhynchus decurtatus decurtatus (part) Klauber, Bull. Zool. Soc. 
San Diego, No. 12, p. 9. 

Type —No. 32,493 in the collection of LMK, collected at Xavier (Weisner’s 
Ranch), Pima County, Arizona, by Lee Arnold, at 9:45 P. M., July 16, 1939. 
Eleven paratypes are available from various points in Pima County, in the general 
vicinity of Tucson. 

Diagnosis ——A subspecies of P. decurtatus distinguished from the typical 
subspecies by a high number of dorsal blotches and generally maculate appear- 
ance. Also, nubilus males have strongly keeled dorsal scales, while P. d. 
decurtatus males are keeled only faintly, if at all. From P. d. perkinsi, the new 


1 Phyllorhynchus, the Leaf-Nosed Snake, Bull. Zool. Soc. San Diego, No. 12, pp. 1-31, 
figs. 14, map. Sept. 12, 1935. 
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subspecies is differentiated by the relative sizes of the dorsal blotches and inter- 
spaces, the blotches being wider (longitudinally) than the interspaces in the new 
form. There are also differences in scalation, the new subspecies having fewer 
ventrals and subcaudals than perkinsi. 


Description of the Type——Adult male. Length over-all (prior to setting in 
preservative) 343 mm.; length of tail 48 mm., ratio of tail length to total length 
14.0 per cent. 

The scale rows are 21-19-17. The first suppression is at the neck and is 
effected by dropping the fourth row on each side; the second reduction is effected 
by combining the third and fourth rows. Except on the fore part of the body, 
the three rows on either side of the mid-dorsal are conspicuously keeled; the mid- 
dorsal itself is virtually smooth. Single apical scale pits are present. The ventrals 
number 157; the anal is entire; the subcaudals are 32, all divided. 

The rostral is large and conspicuous, with raised and free lateral edges, which 
are striated. Below, the rostral is concave; viewed from above, it is straight across 
the front; on top it curves back over the snout, completely separating the inter- 
nasals and intruding slightly between the prefrontals. The internasals are 
triangular; on the sides they contact the nasals and upper loreals. The prefrontals, 
of moderate size, are separated by a small scale on the mid-dorsal line. The 
frontal is large, curved in front and quadrangular behind, with a sharp point 
separating the parietals for about 14 of their depths. The frontal does not contact 
the upper preoculars. The supraoculars are relatively small and are non-imbricate. 
The parietals are the largest of the head plates. 

The nasals are divided; the prenasal is slightly the wider of the two, and the 
postnasal somewhat the higher. There are 4 loreals, one small supraloreal, a 
large mid-loreal, twice as high as wide, and two small subloreals, of which the 
posterior is the larger. There are two preoculars (higher than wide), two post- 
oculars, and three preoculars, thus making the complete ocular series eight on 
each side. The temporals are 213. 

The supralabials are 7 on the right and 6 on the left; the last two are much 
the largest; the fourth to sixth, or fourth and fifth, contact the suboculars. 

The infralabials are 9-9; the first pair meet on the midventral line; the first 
and fifth are the largest; the first two on each side touch the pregenials. The 
mental is wider than long, is sharply pointed posteriorly, and almost separates 
the first infralabials. The pregenials are short and subrectangular, about twice 
as long as wide; they are in contact. The postgenials are but little larger than 
the surrounding gulars; they are separated by two gulars, one before the other. 
There are six gulars between the pregenials and the first ventral, and six rows 
between the posterior infralabials and the first ventral. 

This is a cylindrically-shaped snake with the head only slightly distinct from 
the body; the head is 14 mm. long, or 4.1 per cent of the body length. The tail 
is short and stubby. The pupil is vertically elliptical. 

The everted hemipenes are triangular, with the greater width at the outer 
end. There is a deep central groove on either side, somewhat deeper on the side 
of the sulcus. The lobes are only slightly separated at the top; distally the sulcus 
branches sharply to the outer end of each lobe. On the top there are angular 
striations; these, at the outer edges, change into fringes, and then into spines 
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which increase in size proximally; at the base the spines are close together and 
evenly spaced. 

The head is marked with a narrow dark-brown band, which crosses the 
posterior edges of the prefrontals, and thence passes backward across the eye, to 
the angle of the mouth. The rostral and internasals are spotted with gray, and 
there are spots on the nasals and the other scales on the side of the head. There 
is a large brown spot on the posterior half of the frontal, and scattered brown 
spots on the parietals and the head scales posterior thereto. The lower jaw is 
immaculate. 

The body is covered with several series of highly irregular blotches, even 
the dorsal series, usually fairly regular in Phyllorhynchus, being broken up. As 
nearly as these blotches can be counted, there are about 59 in the dorsal series on 
the body and 11 on the tail. The dorsal blotches are dark brown, lightening 
distinctly toward the tail; usually they have light centers. The blotches are wider 
(along the body) than the interspaces. On the sides there are several additional 
tows of highly irregular spots, smaller than the dorsal series, with brown puncta- 
tions interspersed between them. These continue down the sides to the second 
row of scales above the ventrals. Below, the tan ground color is immaculate. 


Summary of the Subspecies —The following eleven paratypes are available: 


AMNH 20,590 San Xavier Mission 
AMNH 60,112 3 mi. s. of Tucson 
MZUM 64,068 Vicinity of Tucson 


LMK 29,216 2 mi. n. of San Xavier Mission 
LMK 29,287 4 mi. n. of San Xavier Mission 
LMK 32,273 Ajo Junction (Escuela) 

LMK 32,274 26 mi. n. of Tucson 

LMK 32,289 4 mi. s. of Ajo Junction 

LMK 32,290 2 mi. s. of Ajo Junction 

LMK 32,468 E. base of “A” Mountain 
LMK 32,494 5 mi. n. of Tucson 


All of these localities are in Pima County, in the immediate vicinity of 
Tucson, with the exception of LMK 32,274, the locality of which is just across 
the line in Pinal County. 

The scalation of the new subspecies, based on the available material (8 
males and 4 females, including the type) , may be summarized as follows: Scale 
rows, 19; ventrals, males 157 to 162, mean 158.5, coefficient of variation 1.1 
per cent; females 171 to 176, mean 174.3, coefficient of variation 1.4 per cent; 
anal entire; subcaudals, males, 30 to 33, mean 31.6; females, 20 to 24, mean 21.3; 
supralabials predominantly 6 but often 7; infralabials 8 to 10; loreals 1 to 4; 
preoculars, 2 or 3; postoculars usually 2, occasionally 3; suboculars, 1 to 3, but 
usually 3; temporals 213, 214, 343, or 3+4; an azygous scale between the 
prefrontals in two out of ten specimens. 

The tail length is about 14 per cent of the body length over-all in adult 
males, and 8 per cent in the females. 

The largest specimen available is a female 408 mm. in length. The largest 
male is 343 mm. The smallest specimen measures 173 mm. 
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The patterns of all are much the same, except that occasionally a specimen 
is found with a more regular series of dorsal blotches. In such cases, however, 
the blotches, while somewhat reduced in number, still exceed those found in 
P. d. decurtatus and are closer together than in P. d. perkinsi, so that there is no 
difficulty in keying them out. 

The body blotches vary from 42 to 60, average 50.4; tail spots 7 to 15, 
average 9.2. 

Checking live specimens by the color standards of Ridgway, 1912, it was 
found that in one specimen the dorsal blotches were Warm Sepia on the edges 
and Snuff Brown in the center. The lateral blotches were Bistre on a Light 
Vinaceous-Cinnamon ground color. The ventrum was translucent White. In 
another specimen the blotch edges were Seal Brown with Hay’s Brown centers. 
The lateral blotches were Sorghum Brown on a Pale Cinnamon-Pink ground 
color. 

Like other species and subspecies of Phyllorhynchus, nubilis hisses and 
strikes when annoyed, and flattens the neck like a dewlap. The tongue is pink 
in life, almost colorless at the tip. The pupil is vertically elliptical, the iris 
flecked with green and gold. Specimens have been collected along the road at 
9:40 P.M. (93° F.), 10:18 P.M. (84° F.), 11:20 P.M. and 2:25 A.M. This 
is probably a fairly common snake around Tucson, although somewhat rarer than 
browni, and considerably less common than the subspecies decurtatus perkinsi in 
some areas of the Colorado Desert in southern California. It seems to prefer 
brushy areas, particularly mesquite, and, to a less extent, salt bush and creosote 
bush. It is easiest collected by driving at night along paved roads, when the 
snakes will be disclosed by the headlights of the car as they cross the pavement. 
Lee Arnold, from whom most of the ecological notes on this subspecies were 
obtained, secured five specimens, 2 alive and 3 run over, in the course of 495 
miles (31 hours) of driving in June and July of 1939. 

Range.—I know of only one locality where this snake has been found, other 
than those previously given as the localities of the type and paratypes, this being 
the city of Tucson itself, where I found a large specimen run over on a city 
street just north of the business district. Specimens from other regions, possibly 
to be assigned to this subspecies, or considered intergrades, are discussed hereafter. 

Relationships—Nubilus seems to intergrade with both perkinsi and 
decurtatus decurtatus, but via different routes—with the former by way of central 
Arizona, and the latter through Sonora. The most extreme decurtatus decurtatus 
are not from the type locality, which is probably central Lower California,* but 
from the Cape region around La Paz. From the snakes of this region nubilus 
differs primarily in having (in the males) keels on the dorsal scales; and in body 
blotches and tail rings, which number only about half as many in decurtatus 
decurtatus as in decurtatus nubilus. 

Four specimens are available from Sonora, Mexico: MVZ 10,170 from 
Alamo Muerto, and EHT 457, 723, and 1100 from near Guaymas (San Carlos 
Bay and La Posa). These are intermediate between decurtatus nubilus and 
decurtatus decurtatus in numbers of body blotches and tail spots; they more nearly 


2 Op. cit. p. 8. 
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resemble nubilus in the character of the blotches, and in possessing dorsal keels. 
They have fewer ventrals than either decurtatus nubilus or decurtatus decurtatus, 
being in fact, the lowest in this character of all available Phyllorhynchus. If this 
trend toward fewer ventrals is continued south of Guaymas, an additional sub- 
species would be warranted. However, for the present, the Sonora specimens are 
allocated to nubilus. 

Through central Arizona, from Congress Junction, Yavapai County, to the 
vicinity of Casa Grande and Coolidge, Pinal County, a series comprising 24 
specimens is available. These are intermediate between perkinsi and nubilus. 
Perkinsi differs from nubilus in having higher ventral and subcaudal scale counts, 
fewer and more widely separated dorsal blotches, head marks less evident, lateral 
blotches smaller and less prominent, and lateral interspaces less clouded. In all 
of these characteristics the central Arizona specimens are intermediate, which is 
entirely consistent and to be expected from a geographical standpoint. While 
recognizing these specimens as intergrades, for purposes of segregation in col- 
lections I would suggest their allocation to perkinsi, since most of them tend in 
that direction when classified by pattern. The localities where these intergrades 
have been found are as follows: Yavapai County—Congress Junction (also 21/2 
mi. n., 14 mi. n., 3 mi. se., 8 mi. e., 9 mi. s.), and near Wickenburg (5 mi. n., 
3 mi. nw., 6 mi. nw.) ; Maricopa County—Wickenburg (also 8 mi. w., 3'/2 mi. 
w., 4% mi. w., 214 mi. s.), Morristown (also 4 mi. n., 4 mi. s., 5/2 mi. s.), 
Wittmann, and 29 mi. e. of Gila Bend; Pinal County—33 mi. e. of Gila Bend, 
20 mi. w. of Casa Grande, and Coolidge. 

There remains the question whether nubilus and browni are only pattern 
phases of the same species, as has been found to be the case with the king snakes 
of the San Diegan area in southern California. This is possible, for, with the 
limited material now available, no scale count differences can be demonstrated 
statistically. However, the absence of intermediates, such as characterize the 
king snakes, together with differences in blotch colors and head pattern, not 
evident in the king-snake complex, would indicate that such a relationship 
probably does not exist. The finding of females of browni, since the issuance of 
the previous paper, at least proves that the browni pattern is not an exemplifica- 
tion of sexual dimorphism. Upon the evidence so far available decurtatus and 
browni are to be considered separate species. A subspecific relationship is im- 
possible since decurtatus nubilus and browni occupy the same territory. After 
all, the only evidence suggesting that nubilus and browni are pattern phases of a 
single subspecies lies in the similarity of their lepidosis in the Tucson area, and 
the tendency, which both have, toward higher ventral and subcaudal scale counts 
in specimens from the northwest, toward Wickenburg. 


A NEW SUBSPECIES OF BROWNI FROM MARICOPA COUNTY 


At the time the previous paper was written, only 8 specimens of Phyllor- 
hynchus browni were available and these were all males. Now I have data on 35, 
of which 16 are females. It is therefore possible to define the variations in 
squamation and pattern more definitely. As a result I find sufficient differences 
in the only two specimens from Maricopa County, Arizona, to warrant their 
segregation as a new subspecies, to which I assign the name 
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Phyllorhynchus browni lucidus subsp. nov. 
Maricopa LEAF-NOSED SNAKE 
Plate 8, fig. 2. 


1935. Phyllorhynchus browni (part) Klauber, Bull. Zool. Soc. San Diego, No. 
(2p 17> fig 


Type—No. 28,819 in the collection of LMK, collected in Enchanto Valley, 
7 mi. w. of Cave Creek, Maricopa County, Arizona. Received from V. Hous- 
holder, May 21, 1938. Paratype, a specimen in the collection of Earl Sanders, 
from 11 mi. east and 1 mi. north of Mesa, Maricopa County, Arizona, in the 


vicinity of Indian Wells. 
Diagnosis ——A subspecies of Phyllorhynchus browni characterized by high 


ventral and subcaudal scale counts, and some modifications in pattern, as com- 
pared with the typical form. The differences in scutellation are shown by the 
following table, in which the statistics of the type and paratype of the new form 
are compared with those derived from 19 males and 15 females of P. 6. browni. 
In each character under browni, the central figure is the mean and the outside 
figures indicate the range: 


P. b. browni P. b. lucidus 
Ventrals, males 156 — 158.8 -— 164 172 
females 168 — 172.3 - 178 182 
Subcaudals, males 30%) 3129) — 935. 40 
females 1S.—) 21 024 33 


Description of the Type.—A juvenile female, length over-all (prior to setting 
in alcohol) 187 mm.; length of tail 18 mm.; ratio of tail to total length 9.6 per 
cent. 


The scale rows are 21-19-17, smooth, and with single apical pits. The 
ventrals number 182; the anal is entire; the subcaudals, in twin series, number 33. 


The rostral, very conspicuous, as is typical of the genus, has overhanging 
and grooved lateral borders. Below it is concave; above it curves back over the 
snout, completely separating the internasals and also the prefrontals for 13 of 
their depth. The internasals are small and triangular. The prefrontals are 
moderate in size; they are followed by a very broad, pentagonal ‘frontal which 
is proportionately wider than in P. b. brown; for, in the type of the new sub- 
species, the outer points almost contact the upper preoculars, whereas there is a 
wide separation between these scales in the specimens of the other form. The 
supraoculars are small and do not jut over the eyes. The parietals are similar to 
the frontal in size. 


The nasal is divided into substantially equal parts by a suture slanting 
forward above. There are three loreals, an upper, middle, and lower; the upper 
is quite small and contacts the internasals and prefrontals; the second is the 
largest; the third is below and behind the second. There are two preoculars on 
the right and three on the left, two postoculars, and three ‘suboculars. The 
temporals are 3+3, with a small extra scale cut from the anterior lower temporal 
on the left side only. 
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There are seven supralabials; the last two are the largest; the fourth and fifth 
contact the orbital scales. The infralabials are 9-10; the initial two are the 
largest and meet on the midventral line. The first three contact the pregenials, 
which are large and in contact; the postgenials are much smaller and are separated 
by a row of scales. There are 6 gulars between the pregenials and the first 
ventrals. 

Like all of the genus this is a small stubby snake with a relatively short tail. 
The head is moderately distinct. The pupil of the eye is vertically elliptical. 

The head is marked with chocolate brown on a cream background. There 
is a wide dark band across the anterior half of the frontal; this passes backward 
across the eyes to the angle of the mouth; from here it widens into two parallel 
bands on the neck, which join again dorsally about one head length behind the 
head. There is also a large dark blotch on the parietals; this blotch is not present 
in P. 6. browni and is only rudimentary in the paratype of the new subspecies. 
There are dark punctations on the face and edges of the rostral, the nasals, and 
internasals, with a few scattered on the prefrontals and loreals. 

On the body there is a series of 13 subcircular chocolate blotches. Longi- 
tudinally these cover slightly more space than the interspaces; on the sides they 
extend down as far as the second row of scales above the ventrals. The centers 
of the blotches are somewhat lighter than the edges, and, as the lighter color is 
restricted to scale centers, the blotches appear hatched with dark longitudinal 
lines. Laterally, between the blotches, there is a secondary series of small spots, 
longer than wide, engaging the first two lateral rows. Surrounding these there 
are a few dark punctations, reminiscent of the patches of punctations which 
characterize the lateral areas between blotches in P. 6. browni. The ground color 
in the body is creamy-white, as is also the ventral surface. There are 3 dorsal 
spots on the tail. 

The paratype, which is a juvenile male, has these characteristics: Length 
247 mm.; tail 32 mm.; per cent tail 13.0. Ventrals 172, anal entire, subcaudals 
40, supralabials 6-6, infralabials 9-9, loreals 3-3, preoculars 2-2, postoculars 
2-2, suboculars 3-2, temporals 3-++3. Body blotches 12, tail spots 4. 

The parietal blotch on the head is rudimentary, and the parallel lines on 
the neck are missing. The dorsal blotches are relatively smaller than in the type, 
occupying less space than the interspaces. The secondary blotches are only faintly 
evident. 


Remarks.—Besides the high ventral and subcaudal scale counts discussed in 
the diagnosis, the new form differs from P. 6. browni in the large frontal, which 
almost touches the preoculars, in the head marks, and the body blotches. The 
body blotches in P. 6. browni are usually indented laterally, and often approach 
a dumb-bell shape. In lucidus there are indentations on the mid-dorsal line, so 
that the paired lobes are transverse, rather than longitudinal as in browni. In 
some of these points the paratype of lucidus is intermediate between the type and 
browni browni. The frontal in the paratype is not so large, and, in its approach 
to the upper preoculars, is intermediate between the two. But, irrespective of the 
frontal and the pattern differences, and whether these will be substantiated when 
additional specimens are found, I judge, from the low coefficient of variation 
characteristic of P. b. browni and the subspecies of P. decurtatus, that the 
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difference in ventrals and subcaudals between the snakes of northeastern Maricopa 
County and those from Pima County will continue to warrant this subspecific 
segregation. For, in homogeneous series, the standard deviations of the ventrals 
are found to be 3 or less; and of the subcaudals below 2. The deviations of the 
two specimens of lucidus from the browni averages are more than three standard 
deviations in the ventrals, and more than four standard deviations in the sub- 
caudals. Deviations of this magnitude are worthy of subspecific recognition, 
especially when reinforced by other differences. 

Range.—At present the new subspecies is known only from the localities 
represented by the type and paratype. It will probably be found all along the 
bases of the mountains to the north and east of Phoenix. Extensive collecting 
in the Wickenburg area, northwest of Phoenix, from Morristown to Congress 
Junction, has failed to discover it. An MCZ specimen of browni from Superior, 
Pinal County, may be the new form; its condition is said to be such as to pre- 
clude securing any pertinent data. 


THE CHARACTERS OF PHYLLORHYNCHUS BROWNI BROWNI 
Pima LEAF-NOSED SNAKE 
Plate 8, fig. 3. 


At the time I last surveyed the genus Phyllorhynchus only 8 specimens of 
browni were available. All were males, and one of these has since been trans- 
ferred to the new subspecies lucidus. It will be useful, therefore, to present the 
statistics of all the specimens of browni browni now available, numbering 19 males 
and 16 females: 

The scale rows are 19. The ventrals in the males vary from 156 to 164, 
mean 158.8, interquartile range 157.5 to 160.0, coefficient of variation 1.16 per 
cent; in the females, range 168 to 178, mean 172.3, interquartile range 170.3 to 
174.2, coefficient of variation 1.70 per cent. The anal is entire. The male sub- 
caudals range from 30 to 35, mean 31.9, interquartile range 30.9 to 32.9, coefh- 
cient of variation 4.8 per cent; in the females, range 18 to 24, mean 21.1, 
interquartile range 20.0 to 22.3, coefficient of variation 7.9 per cent. 


The supralabials are usually 6, often 7, rarely (one case only) 8. The 
infralabials are usually 8 to 9, rarely 10 or 11. The loreals are commonly 2 or 3, 
but occasionally 1 or 4. Both preoculars and postoculars are generally 2, but 
often 3. The suboculars are usually 3, sometimes 2. The temporals are generally 
2+3, or 343, less often 2+4, or 344. There is an interprefrontal scale in 6 
cases out of 27. The frontal does not contact the supraoculars. The body blotches, 
the most conspicuous character of this form, are distributed as follows (frequencies 
shown in parentheses): 9(1), 10(3), 11(12), 12(7), 13(9), 14(2), (1). 
The tail spots are distributed thus: 1(2), 2(21), 3(11). 

The tail length in adult males averages about 13.5 per cent of the body 
length over-all; the ratio in the females is about 8 per cent. 

The pattern is quite constant. The dorsal blotches are dark-brown to red- 
brown, nearly always longer than the interspaces, and often indented on the 
sides, sometimes to such an extent as to form longitudinal dumb-bells. The 
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first blotch is cut off squarely several scale rows back of the parietals. Laterally 
the interspaces are heavily punctated with dark spots, particularly at scale centers. 
These spots are faint in the young. In the main dorsal blotches, the centers are 
lighter than the edges. Sometimes there is a light spot in the center only. Where 
the centers are light they are sometimes striated longitudinally. 

The head is marked across the prefrontals and anterior part of the frontal 
by a dark-brown bar, which passes downward and backward across the eyes to 
the angle of the mouth. The front and tip of the rostral are usually stippled, as 
are the lateral edges. The nasals are spotted, particularly around the nostril. 
There are often a few larger spots scattered about the frontal and parietal. 

The colors of four specimens, compared, while alive, with Ridgway’s Color 
Standards, 1912, were as follows: 


Outer Edges Centers Spots in 
Specimen o of Dorsal Lateral 
Number Blotches Blotches Interspaces Interspaces* Ventrum 
LMK 32,272 WVandyke Snuff Pale Pinkish — Sayal White 
Brown Brown Buff Brown (trans- 


LMK 32,499 Warm Sayal LightPinkish Tawny- a 
Sepia Brown Cinnamon Olive 

LMK 32,495 Fuscous- Natal White Avellaneous 2 
Black Brown 

LMK 32,498 Fuscous- Rood’s Pale Pinkish Pinkish ¢ 
Black Brown Buff Cinnamon 

The tongue is pink in life. The iris is flecked with gold; the pupil is vertically 
elliptical. When angered or annoyed, browni, like the subspecies of decurtatus, 
hisses quite loudly for so small a snake. It will strike, but one cannot be sure 
whether the mouth is opened. The threatening reaction includes a flattening of 
the neck into a sort of dewlap, quite thin in the horizontal direction. 

Browni, as it is found in the vicinity of Tucson, seems to prefer brushy areas, 
especially mesquite, and, to a somewhat lesser extent, salt bush. While occa- 
sionally found under stones, or dug out in the course of excavations, it can best 
be collected by the method of driving along the road at night, as has been 
discussed elsewhere.*+ Specimens have been collected in this way in June and 
July, at air temperatures of from 74 to 92 deg. Fahr. It has been taken at 8:10, 
S213, 3:50, 3:45, 9-200;.9:20, 9:30, 10:30) 10:50; 11:00; 11:10) and. 11:57 
P.M. There are indications that its season of greatest activity is somewhat later 
than that of P. d. perkinsi in southern California, the best collecting following the 
advent of the summer rains experienced in the part of Arizona where it occurs. 
It prefers somewhat humid nights. It seems to be a more plentiful snake than 
nubilus. Charles E. Shaw and Cyrus S. Perkins collected 9 specimens of browni 
(3 alive and 6 run over) in two evening drives around Tucson in mid-July, but 
only one nubilus was found. 


3 The ground color is the same as the dorsal interspaces. 
4 Studies of Reptile Life in the Arid Southwest. Part 1. Night Collecting in the Desert 
with Ecological Statistics. Bull. Zool. Soc. San Diego, No. 14, pp. 1-64, Feb. 24, 1939. 
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The largest specimen I have seen measures 396 mm., the smallest 166 mm. 
The largest individuals so far available are females. The largest male is 362 
mm.; there are 6 females exceeding this size. 

One browni had eaten a gecko egg; this is the same food so often found in the 
stomachs of P. d. perkinsi. 

Browni browni has been collected at the following localities: Pinal County— 
Superior (may be lucidus); Pima County—Sabino Canyon; mouth of Sabino 
Canyon; foothills of Santa Catalina Mountains northeast of Tucson; 3, 4, and 8 
miles southwest of Sabino Canyon, on the road to Tucson; Wrightstown; 7 and 
11 miles northeast of Tucson, on the Sabino Canyon road; foot of Santa Catalina 
Mountains; 13 miles north of Tucson; 8 and 10 miles south of Oracle Junction 
on the road to Tucson; 6 and 11 miles north of Tucson on the road to Oracle 
Junction; Tucson; foot of “A” Mountain; Ajo Junction (Escuela) ; 1 and 4 miles 
south, and 4 miles north of Ajo Junction; San Xavier Mission, and 2 and 3 miles 
north of the Mission; Xavier (Weisner’s Ranch); 11 miles south of Tucson on 
the Nogales road; 2 miles east of Dowling Well, Sonoita Valley. 

All of these Pima County records are within a radius of 20 miles of Tucson, 
most of them close to the city, with the exception of the last. This represents a 
western extension of the range by more than 100 miles. The specimen was 
collected by L. M. Huey on an expedition to the Organ Pipe Cactus National 
Monument. The New Mexico record mentioned by Medden (Copeia, 1927, 
No. 64, p. 82) still remains unverified. 

Since the specimen of brown: figured in the previous paper has now been 
allocated to the new subspecies lucidus (it is the paratype of the new form), a 
photograph of browni browni is included in Plate 8, fig. 3. 


NOTES ON PHYLLORHYNCAUS DECURTATUS DECURTATUS 
LowER CALIFORNIA LEAF-NOSED SNAKE 


Through the courtesy of the American Museum of Natural History I have 
seen two additional specimens of decurtatus decurtatus. This makes a total of 8 
of this form available, 4 from the Cape region, the rest from the central part of 
the peninsula of Lower California. Five are males. It is to be understood that 
this subspecies, as redefined, occurs only in Lower Californa, Mexico. As pre- 
vious descriptions were based, in part, on specimens now allocated to other 
subspecies, I think it best to present a brief summary of decurtatus decurtatus as 
restricted. 

The scale rows are 19. Keels are faintly evident in some of the largest males. 
The ventrals in the males vary from 157 to 167 and in the females from 167 
to 176. Cape specimens have fewer ventrals than those from farther north. The 
subcaudals range from 33 to 36 in the males and 22 to 26 in the females. The 
supralabials usually number 6, but may be 5 or 7; the infralabials are 8 or 9, 
rarely 7. The loreals number 1 to 3; preoculars usually 2, but sometimes 3; 
postoculars 2 or 3; suboculars 1 to 3, usually 3. The temporals vary from 
24-3 to 3-4: 

In the southern part of the range the blotches are subcircular, but farther 
north they approach a rectangular shape. They are longer than the interspaces, 
and are dark brown on a pinkish background. The blotch centers are lighter 
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than the edges. The dorsal blotches number 18 to 33, average 24.6; the tail spots 
2 to 8, average 5.1. Southern specimens have the fewest blotches. 


NOTES ON PHYLLORHYNCHUS DECURTATUS PERKINSI 


DesERT LEAF-NOSED SNAKE 


Since the publication of the 1935 paper, a large amount of additional 
decurtatus perkinsi material has come to hand, over 350 specimens being now 
available. Many new localities are known, but as none extend the range, they 
will not be listed. Statistical data on this subspecies, including seasonal fluctua- 
tions, time of activity, the effect of temperature, and ecological preferences, will 
be found discussed in the 1939 paper previously mentioned. The outstanding 
fact developed is the commonness of this snake, once considered rare. For 
example, out of 279 live snakes encountered on the roads of San Diego County 
while driving 2985 miles at night on the desert, 110, or almost 40 per cent, were 
leaf-nosed snakes. On the night of June 9, 1939, fifteen live specimens and 3 
which had been run over were collected in driving 21 miles on the Sentenac-Dry 
Lake road. Certainly this is the most plentiful snake in many desert regions of 
the Southwest, particularly where there is a good cover of brush and the ground 
is somewhat stony. 

Specimens exceeding 400 mm. are quite common; the largest measured to 
date are a male 495 mm. and a female 486 mm. in length, both from San Diego 
County. These are live measurements. 

It appears that in this subspecies the males slightly exceed the females in 
length. Taking all southern California specimens over 300 mm., we find the 
males to average 389 mm., and the females 371 mm. Fifteen males out of 120 
exceed 460 mm., while only 4 females out of 76 are this large. 

Most of the females with eggs contain 3 or 4. 

The snakes from the northern and western limits of the range have the 
highest ventral scale counts. There is a decline eastward toward the eastern part 
of the Mohave Desert, which becomes even more marked after crossing the 
Colorado River into Arizona. The lowest figures for the subspecies are reached 
in the nubilus intergrades, in the vicinity of Wickenburg and Casa Grande. But 
in any one area the scale formulas have low dispersions, as is usually the case with 
small, slow-moving forms. For example, the statistics of 126 males and 99 
females from the region of the type locality in eastern San Diego County are 
as follows: 


Males Females 

Ventrals, range 168-182 181-196 

interquartile range 172.4-176.6 185.8-189.7 

mean 174.48 187.76 

coefficient of 

variation, 7% 177. 1.54 

Subcaudals, range 32-41 24-34 

interquartile range 36.1-38.7 277-302 

mean 37.41 28.93 


coefficient of 
variation, % 5.05 6.39 
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Phyllorhynchus is a genus notable for an extensive sexual dimorphism in 
ventrals and subcaudals, there being almost no overlap. In this connection I 
would mention a statistical criterion which may be suggested to describe the degree 
of such divergences as are exemplified by sexual dimorphism. It appears to me 
that a measure of differetice somewhat similar to the coefficient of variation would 
be useful in comparing the extent of differences, where the bases of comparison 
are dissimilar. While methods of determining the significance of differences are 
well known and extensively used, this is not the same thing as the extent of a 
difference; very small differences may be highly significant if the samples are 
large. For the determination of significance is only a calculation of the probability 
that the difference might have arisen solely from the fortuitous composition of 
the samples available, rather than from a real difference between the populations 
from which the samples were drawn. I do not find a statistic, suitable for measur- 
ing or comparing differences by reducing them to an absolute basis, in any of 
the texts available to me, including the recently published Statistical Dictionary 
of Terms and Symbols, by Kurtz and Edgerton, 1939. I therefore suggest, with 
no presumption respecting its originality, as a Coefficient of Divergence, the 
difference between the means, divided by the mean of the means, with the result 
expressed as a percentage; that is, if the means of the two samples be M and M’ 
respectively, the coefficient of divergence, CD=100(M—M’) /[ (M+M_°) /2] 
or CD=200(M—M’) /(M+M°’) in per cent. 

For example, sexual dimorphism in ventrals and subcaudals is very marked 
in Phyllorhynchus, much more so than in Lampropeltis. In the statistics of the 
San Diego County specimens of Phyllorhynchus decurtatus perkinsi, given above, 
we have the following means: ventrals, males 174.48, females 187.76; subcaudals, 
males 37.41, females 28.93. From these data we calculate the coefficient of 
divergence (in this instance a measure of sexual dimorphism) as 7.33 per cent 
for the ventrals and 25.57 per cent for the subcaudals. From large samples (147 
males, 124 females) of Lampropeltis getulus californiae, we derive the following 
means: ventrals, males 233.01, females, 235.04; subcaudals, males 56.01, females 
52.07. In this case the coefficient of divergence of the sexes proves to be only 0.87 
per cent for the ventrals and 7.29 per cent for the subcaudals. These are much 
lower figures than were found for Phyllorhynchus, and I think it fair to say, first, 
that P. d. perkinsi exhibits a greater sexual dimorphism in these characters than 
L. g. californiae, and that both show higher dimorphism in subcaudals than in 
ventrals. 

Let us take another type of difference—a territorial divergence. How does 
the divergence in the ventrals of male Crotalus viridis viridis from Colorado and 
South Dakota, respectively, compare with the divergence in body blotches? We 
cannot compare directly the actual mean differences since the ventrals average 
about 177 and the blotches only about 43. Using the Platteville and Pierre series 
from these states, each numbering several hundred specimens (data cited in Occ. 
Pap. S. D. Soc. Nat. Hist., No. 3, p. 34), we find that the coefficient of 
divergence between these populations (males only) is 1.17 per cent in the case of 
the ventrals and 3.55 per cent for the body blotches. 

As has been stated, this coefficient of divergence is an absolute quantity, 
divorced of the unit of measurement, in the same manner as is the coefhicient of 
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variation. It does not in itself give any indication of significance, or the 
probability that even a relatively high coefficient might have resulted from chance 
in sampling. For those who are accustomed to think of the significance of a dif- 
ference between means in terms of the ratio of the difference to its standard 
error, and the interpretation of that ratio in a table of areas of the normal curve, 
this statement can be carried forward into the coefficient of divergence by also 
dividing the standard error by the mean of the means. Thus, in the case of the 
male ventrals of the Platteville and Pierre series of rattlesnakes, we determined 
(loc. cit.) 2.082=-0.223 to be the difference between the means. The ratio of 
the difference to its standard error is 9.3, indicating a highly significant difference. 
The mean of the means is 177.82. Multiplying 2.082+-0.223 by 100 and dividing 
by 177.82, we have, as the coefficient of divergence, 1.17--0.125 per cent. Thus 
the ratio of 9.3, between the first quantity and its standard error, has been carried 
forward to continue the indication of the significance of the difference being 
investigated. [In this instance the significance of the difference was calculated 
by the customary method of dividing the difference between the means by the 
square root of the sum of the squares of the standard errors of the means. If 
one prefers an alternative formula (Kenney: Am. Math. Monthly, Vol. 45, p. 
456, 1938; Mathematics of Statistics, Vol. 2, p. 141, 1939; Simpson and Roe: 
Quantitative Zoology, p. 192, 1939), the result can be carried forward in the same 
way. Even the t-test result, derived from the method of pooling, may be trans- 
lated into an equivalent ratio on the normal curve and carried forward ]. 


KEY TO THE GENUS PHYLLORHYNCHUS 


A. Dorsal body blotches (not including tail spots) less 
than 17. 


B. Males with 166 or fewer ventrals and 36 or 
fewer subcaudals; females with 179 or fewer 
ventrals and 26 or fewer subcaudals. Body 
blotches considerably longer than the inter- 
SPCC SA ya NMR Mie Me Rach te P. browni browni 


(Southeastern Pinal County and eastern Pima 
County, west to Organ Pipe Cactus National Monu- 


ment, Pima County, Arizona) 
BB. Males with 167 or more ventrals and 37 or 
more subcaudals; females with 180 or more 
ventrals and 27 or more subcaudals. Body 
blotches little, if any, longer than the inter- 
CIDE cy Se alae a ae ae ee P. browni lucidus 
(Northeastern Maricopa County, Arizona, along 


the mountain bases, from near Cave Creek to Indian 


Wells) 
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AA. Dorsal body blotches (not including tail spots) 17 
or more. 

C. Males with 168 or more ventrals; females with 
179 or more. Body blotches usually distinctly 
narrower (along the body) than the inter- 
Spaces as ols ee eee P. decurtatus perkinsi 
(Southern California, on the eastern or desert side 
of the mountains, from the Death Valley region 
south to northeastern Lower California; also central 
Clark County, Nevada, southeast through Mohave, 
western Maricopa, and Yuma Counties, Arizona, to 
extreme northwestern Sonora, Mexico. Intergrades 
with P. d. nubilus in the area from southwestern 
Yavapai County to western Pinal County, Arizona) 


CC. Males with 167 or fewer ventrals; females with 
178 or less. Body blotches usually equal to or 
wider (along the body) than the interspaces. 


D. Dorsal body blotches (not including tail 
spots) 34 or less; males without con- 
spicuous keels on the dorsal scales. ....... 
Sela astm AEA Ae ee 4 a cer eee P. decurtatus decurtatus 
(Central and southern Lower California. 
Probably intergrades with P. d. perkinsi in 


north-central Lower California) 


DD. Dorsal body blotches (not including tail 
spots) 35 or more; males with con- 
spicuous keels on the dorsal scales. ....... 
SN AU Res leet” ee eve ee P. decurtatus nubilus 
(Vicinity of Tucson, Pima County, Ari- 


zona; west-central and northwestern Sonora, 


Mexico) 
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SUMMARY 


Recently a number of additional specimens of leaf-nosed snakes of the genus 
Phyllorhynchus have been available, thus permitting a more complete knowledge 
of the specific variations. Two new subspecies, P. decurtatus nubilus and P. browni 
lucidus, are described from southern and central Arizona. The other subspecies 
are redefined and a key to the genus is supplied. 
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PLATES 


Fig. 1. Phyllorhynchus decurtatus nubilus subsp. nov. Type specimen. Adult 
male collected at Xavier, Pima County, Arizona. (X 1.5). 


Fig. 2. Phyllorhynchus browni lucidus subsp. nov. Type specimen. Juvenile 
female collected in Enchanto Valley, Maricopa County, Arizona. 
(Life size). 


Fig. 3. Phyllorhynchus browni browni Stejneger. Adult female collected at 
Escuela, Pima County, Arizona. (X 0.9). 
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VoLtuME IX, No. 21, pp. 215-218 Jury 31, 1940 


A NEW CARDINAL FROM 
CENTRAL LOWER CALIFORNIA, MEXICO 


BY 


LaurENcE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


During a short trip of twenty-three days made into the central part of 
the peninsula of Lower California during April, 1940, several localities 
not hitherto accessible by automobile were visited. Probably the most 
interesting of these was the region of the old Mission of Santa Gertrudis, 
a section from which ornithological records, so far as the writer is aware, 
are almost entirely unknown. 


Santa Gertrudis Mission is situated in a rocky canyon of the western 
slope of the main peninsular mountain chain, in the extreme northeastern 
section of the Viscaino Desert and about twenty-five miles east and south 
of Calmalli, near the 28th degree of latitude. A small flow, of what 
seemed to be permanently running water was present in the stream bed, 
though the large boulder-studded arroyo gave ample evidence of periodi- 
cal run-offs of cloudburst proportions. A few date and fan palms were 
growing about the small areas devoted to gardens by the half dozen 
families that lived nearby. 


The native flora appeared to be mainly of the same species to be 
found growing abundantly either to the northward or southward of this 
locality. The most spectacular of these consisted of numerous species of 
cacti, some of which were very large, mesquites, a few ironwoods and 
several large wild fig trees. This latter species reaches its northern limit 
in dwarfed condition near Yubay, less than a hundred miles to the north- 
ward. In the arroyo a few miles west of Santa Gertrudis Mission, a 
fairly large stand of Palo Blancos was seen. This beautiful tree, so far 
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as the writer can determine, is not found north of this locality, though it 
grows abundantly in the washes farther southward in the Cape region. 


Our party arrived at Santa Gertrudis about noon on April 22 and 
departed on the morning of April 25. During this very short time the 
writer endeavored to assemble and preserve a representative collection of 
birds and mammals. Needless to say much was left for a more thorough 
investigation at some future date. The presence of Xantus Humming- 
birds (Basilinna xantusii), several of which were observed, definitely 
records this Cape species from a new locality near the northernmost 
extremity of its range. Three breeding male Cardinals were collected, 
which, upon comparison, were found to represent a new race. This form 
may be known as 


Richmondena cardinalis seftoni subsp. nov. 
SANTA GERTRUDIS CARDINAL 


Type—From Santa Gertrudis Mission, Lower California, Mexico; no. 
18147, collection of the San Diego Society of Natural History; breeding male; 
collected by Laurence M. Huey, April 25, 1940. 


Characters.—Intermediate in size between the smaller Richmondena cardi- 
nalis ignea of the Cape region and the larger R. c. superba of northern Sonora 
and southern Arizona. R. c. seftoni is considerably paler in color and has a 
smaller beak than either of the above compared forms, which, geographically, 
are its nearest relatives. Both of these characters are at once evident when com- 
parisons are made, and the color feature marks this Cardinal as one of the palest 
of the group. 


Range.—Found at Santa Gertrudis Mission and observed at Rancho Mira- 
flores, twelve miles to the westward and situated on the same drainage course 
as the Mission. 


Remarks —The general character of this central section of the peninsula, 
where northern and southern floras intermingle, together with the climatic influ- 
ences of cool westerly trade winds and heated desert currents, is such as would 
be expected to develop local divergent races, especially of plastic sedentary species. 
Such is the case with the form here described. This point is further illustrated 
by other species with mid-peninsular forms in this general district, viz: Desert 
Thrasher (Toxostoma lecontei arenicola), San Pablo Brown Towhee (Pipilo 
fuscus aripolius), and San Ignacio Poorwill (Phalaenoptilus nuttalliu dickeyi). 
However, the tendency of these birds just mentioned is towards darker coloration 


rather than the pallid trend shown in the Cardinal. 

This brilliant bird is named in honor of Joseph W. Sefton, Jr., President 
of the San Diego Society of Natural History, with whom the writer has spent 
many profitable days afield. 
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Specimens examined and Measurements.—As the only specimens collected 
of R. c. seftoni were males, only males have been used in this comparison; without 
doubt, had females been available other valuable characters in color and mea- 
surements would have been demonstrated, as is the case with other races of 
Richmondena. 


MEASUREMENTS OF MALES IN MILLIMETERS 


Width 
of Upper 
Coll. No. Locality Wing Tail Tarsus Culmen Mandible 
Richmondena cardinalis seftoni 
18135* Santa Gertrudis, L. C., Mex. .... 93.0 108.2 26.2 18.3 9.9 
18146 Santa Gertrudis, L. C., Mex. -... 94.8 108.0 725) 18.0 9.6 
18147+ Santa Gertrudis, L. C., Mex. .... 95.9 107.2 Df 17.3 9.2 
PAVIERIAGHI ee Seto he we sete neseeSetac eee cess 94.4 107.8 25.8 17.8 9.5 


Richmondena cardinalis ignea 


15286$ Cape San Lucas, L. C., Mex. .... 91.6 106.1 26.0 19.4 10.5 
15287 Carmen Island, L. C., Mex. ...... 93.5 100.5 24.9 19.5 11.0 
15288 Carmen Island, L. C., Mex. ...... 91.2 101.2 25.6 20.7 11.6 
10255 San José del Cabo, L. C., Mex. .. 89.6 99.2 26.0 19.0 10.6 
ZENS AEV UNCC) ch ici Ree ai ecb ee er ee ea 92.6 101.7 25.6 19.6 10.9 


Richmondena cardinalis superba 


81§ Alamo Canyon, Ajo Mts., Ariz. ..100.2 112.8 27.0 19.4 10.9 
87§ Alamo Canyon, Ajo Mts., Ariz. .. 99.2 113.0 26.0 19.9 10.3 
313§ Bates Well, Pima Co., Ariz. ...... 98.8 114.3 26.4 20.9 10.1 


616|| Fort Lowell, Pima Co., Ariz. ....101.1 WIZZ) 26.0 19.6 11.0 
622|| Fort Lowell, Pima Co., Ariz. ....101.5 114.6 26.8 19.9 10.9 
634|| Fort Lowell, Pima Co., Ariz. ....103.0 116.4 27.7 20.9 10.9 
Da EVYN CTS Re ee ee oe ee 100.6 114.7 26.6 20.1 10.6 


* Collection of San Diego Society of Natural History, unless otherwise designated. 
t Type. 

+ Topotype. 

|| Collection of L. M. Huey, and Topotype. 


§ Field number, National Park Service-San Diego Society of Natural History Coopera- 
tive Survey, Organ Pipe Cactus National Monument, Arizona, 1939. 
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A NEW FORM OF POCKET GOPHER (THOMOMYS) 
FROM THE SANTA CRUZ MOUNTAINS, 
CALIFORNIA 


BY 


LaurENcE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


The existence of an unnamed form of pocket gopher in the region 
of the San Lorenzo River, which drains the southern slopes of the Santa 
Cruz Mountains, California, has been known to the writer for several 
years. In fact, a manuscript of its description has been in rough draft 
for some time. During this period a fair series of specimens has been 
accumulated. Supplementary problems regarding this series have arisen, 
but, with the demands of more immediate work, the possibility of their 
solution grows more remote with each passing year. It therefore seems 
expedient to publish the present description now, so that it will be avail- 
able to others with more access to the region. 


Thomomys bottae lorenzi subsp. nov. 
SAN LoRENZO PockET GOPHER 


Type—From 7 miles north of Boulder Creek, Santa Cruz County, Cali- 
fornia; no. 10608, collection of the San Diego Society of Natural History; adult 
male; collected by Paul Covel, April 17, 1933. 


Characters.—In color, the entire series of 13 specimens of Thomomys bottae 
lorenzi is uniformly darker than topotype T. 6. bottae from Monterey. They 
more nearly resemble specimens from Marin County, north of San Francisco 
Bay, in color, but have cranial differences. Cranially, T. 6. lorenzi has more pro- 
truding incisors than has T. b. bottae. The bullae are slightly smaller and more 
shrunken, and the pterygoid processes more fragile. The brain case is more 
flattened, when viewed posteriorly. 
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Measurements.—T ype: Total length, 265; tail, 75; hind foot, 32; ear, 6. 
Skull (type) : Greatest length, 46.3; spread of maxillary arches, 29.4; length of 
nasals, 16.0; interorbital constriction, 5.9; alveolar length of upper molar series, 
9.9. 


Range.—So far as known, the drainage system of the San Lorenzo River on 
the southern slope of the Santa Cruz Mountains, Santa Cruz County, California. 


Remarks.—The presence of the two type localities—that of Thomomys 
bottae bottae at Monterey, and that of T. b. lorenzi as above given—in such close 
proximity, raises the often heard question of the validity of two races living so 
close to each other. However, when the zonal conditions of each of these 
localities, close though they be, are studied, it is easy to recognize such differences 
in the two habitats that divergent development under the circumstances is to be 
expected. Other animals from the same two localities show comparable differ- 
ences, though it is true that the ranges of two of them are much greater. For 
example, races of Peromyscus maniculatus, of Sylvilagus bachmani, and of the 
California Quail have doubtless been affected by the same conditions that have 
caused the racial divergence of these two forms of gophers. 


Specimens examined—Thomomys bottae bottae: 10 from Monterey, Cali- 
fornia (type locality); 1 from Burlingame, San Mateo County; 7 from Redwood 
City, San Mateo County; 1 from Palo Alto, San Mateo County. Thomomys 
bottae lorenzi: 4 from 7 miles north of Boulder Creek, Santa Cruz County; 1 
from Ben Lomond, Santa Cruz County; 5 from Scott Valley, Santa Cruz 
County. 


There are three gopher specimens from the collection of Chase Littlejohn 
(now in the collection of the S. D. S. N. H.) that are definitely of the race 
lorenzi, but are labeled as having been collected at Redwood City. It is the 
wtiter’s firm belief that these gophers were brought in to Mr. Littlejohn from 
the more inland section of the peninsula by friends and were unwittingly labeled 
with the name of his home locality. Mr. Littlejohn lived at Redwood City for 


many years. 
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A NEW COASTAL FORM OF BRUSH RABBIT 
FROM THE VICINITY OF SAN QUINTIN, 
LOWER CALIFORNIA, MEXICO 


BY 


LaurRENCE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


The accession of more leporine material from Lower California has 
necessitated the review of certain identifications made some years ago 
when the writer described Sylvilagus bachmani howelli.’ At that time it 
was taken for granted that brush rabbits from the coastal district in the 
vicinity of San Quintin belonged to the race Sylvilagus bachmani 
exiguus, because they differed from the more northern race, Sylvilagus 
bachmani cinerascens, and from the cismontane race to the eastward, 
Sylvilagus bachmani howelli, then described as new. Since that time 
additional material from near the type locality of S. 6. exiguus has been 
obtained and, upon comparison, it is demonstrated that the brush rabbits 
from the San Quintin region represent an undescribed race, which may 
be known as 


Sylvilagus bachmani rosaphagus subsp. nov. 
SAN QUINTIN BrusH RABBIT 
Type-—From 2 miles west of Santo Domingo Mission, Lower California, 
Mexico, lat. 30° 45’ north, long. 115° 58° west, or, precisely, near the huge red 
cliff that marks the entrance of the Santo Domingo River canyon from the 


coastal plain; no. 4947, collection of the San Diego Society of Natural History; 
adult male; collected by Laurence M. Huey, June 2, 1925. 


Comparisons and Characters—As compared with S. 6. cinerascens, whose 


1Trans. San Diego Soc. Nat. Hist., Vol. V, No. 5, p. 67, July 6, 1927. 
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range lies to the northward and within the San Diegan faunal area of southern 
California and extreme northern Lower California, S. b. rosaphagus is, in external 
characters, smaller in size, with smaller hind foot and darker pelage color. Crani- 
ally, S. b. rosaphagus has a more slender rostrum, narrower palatal bridge, 
nartrower incisors and much more inflated bullae. 


Compared with S. b. howelli, whose range occupies the foothill and western 
slope areas of the Sierra Juarez and Sierra San Pedro Martir in the mid-section 
of this northern peninsula region, S. 6. rosaphagus is found to average slightly 
smaller in size, with a smaller ear and hind foot, and with darker pelage colora- 
tion. In fact, according to the writer’s observations and comparisons, S. 5. 
rosaphagus is the darkest and smallest rabbit of this group found on the peninsula. 
From the impressions one gets when studying the fauna and flora of this region 
(San Quintin) in the field, it is to be expected that such characters would be 
developed by the cool, humid climate. Cranially, S. b. rosaphagus differs from 
S. b. howelli in having a wider palatal bridge, a slenderer, more truncated rostrum, 
slightly less inflated bullae and narrower incisors. 


Compared with S. b. exiguus, whose range lies in the more arid, cactus- 
covered section of the middle part of the peninsula, S. b. rosaphagus is smaller 
in size, both in vertebral length and hind foot, and darker in pelage color. 
Cranially, S. b. rosaphagus has a wider palatal bridge, slenderer rostrum, more 
inflated bullae and narrower incisors. 


Measurements—T ype: Total length, 304; tail, 32; hind foot, 65; ear, 81. 
Skull? (type): Basilar length, 45.5; zygomatic breadth, 28.5; postorbital con- 
striction, 10.4; length of nasals, 24.5; width of nasals, 10.4; length of molar series, 
10.0; diameter of external auditory meatus, 6.4; breadth of brain case, 20.5; length 
of palatal bridge, 5.1. 


Range.—So far as known, the range of S. 6. rosaphagus covers the coastal 
region about San Quintin, Lower California, Mexico, extending south to El Ro- 
sario, and probably north to San Antonio del Mar. 


Remarks.—The coincidence of certain predominant plant growth with the 
ranges of the various forms of brush rabbits is worthy of note. For instance, 
besides several species of cacti peculiar to Lower California that grow in fairly 
compact masses in this coastal habitat of S. b. rosaphagus, there is a wild rose 
(Rosa minutifolia), not of the spectacular type found along moist stream-beds 
northward in California, but a low-growing plant, dark of stem and foliage color, 
exceedingly thorny in structure, tolerant of severe drought, which grows in dense 
thickets over the hillsides of the San Quintin area. It is the brush rabbit’s 
penchant for this rose that suggested the name here applied. 


In the case of S. 6. howelli, living in the interior of northern Lower Cali- 
fornia, two plant species predominate, red-shank (Adenostoma sparsifolium) and 
great covers of densely growing manzanita (Arctostaphylos sp.). 


Farther northward, over the range occupied by S. b. cinerascens, a conglome- 


2Measured according to chart by Orr, Occas. Papers, Cal. Acad. Sciences, No. 19, p. 
3, May 25, 1940. 
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rate condition is found. The tolerant habitat of this form of brush rabbit has, 
as its chief plant growths, greasewood (Adenostoma fasciculatum) , sage-brush 
(Artemisia) of several species, and two species of cacti (Opuntia), flat-jointed 
and cholla, that often grow in dense thicket-like patches. Of these the cactus is 
more abundant at the lower elevations along the western edge, nearer the 
sea coast, while greasewood is the predominant cover in the elevated eastern 
section, over the foothills and mountain sides. 


The race S. b. exiguus, whose habitat is in the central part of the peninsula 
has perhaps the most difficult range, for cover protection, of all the brush rabbits 
of either California or Lower California. The region is arid and the vegetative 
growth in most places is sparse. However, almost every plant bears spines, 
which, when growing even in small clusters or amongst rocks, offer astonishing 
protection! Chief of these plants, of course, are the several low-growing cacti, 
followed in abundance by a species of bur sage, sometimes called burro-weed 
(Franseria), and thirdly two or mote species of agaves with their robust leaves 
armed with needle-sharp points. This open type of habitat has had the effect 
of making this rabbit of the central peninsula spotty in population. That is to 
say, there may be vast areas where there are no brush rabbits to be found, which 
in all probability is due to lack of sufficient cover protection. This adds greatly 
to the extent of the area where S. 6. exiguus occurs, which, unless the further 
collecting of specimens from new localities reveals other variant forms, is the 
largest region occupied by one form of the species Sylvilagus bachmani. 


Specimens examined.3—Sylvilagus bachmani cinerascens, 1 from Ballena, 
San Diego County, California; 1 from Witch Creek, San Diego County, Cali- 
fornia; 1 from Button Valley near Lyons Peak, San Diego County, California; 
1 from San Diego, San Diego County, California; 2 from Pacific Beach, San 
Diego County, California; 1 from San Felipe Valley, San Diego County, Cali- 
fornia; 1 from Escondido, San Diego County, California; 1 from Foster, San 
Diego County, California; 2 from Palms, Los Angeles County, California (near 
type locality); 1 from San Bernardino, San Bernardino County, California; 1 
from 15 miles east of Tijuana, Lower California, Mexico; 1 from Hipass, San 
Diego County, California (approaching howelli). Sylvilagus bachmani howell:, 
3 from Valle de la Trinidad, Lower California, Mexico; 1 from El Rayo, Sierra 
Juarez, Lower California, Mexico; 1 from Laguna Hanson, Sierra Juarez, Lower 
California, Mexico; 15 from 10 miles south of Alamo=Rancho San Pablo, Lower 
California, Mexico (type locality); 2 from Sangre de Cristo, Lower California, 
Mexico; 2 from Ojos Negros, Lower California, Mexico. Sylvilagus bachmani 
exiguus, 2 from Punta Prieta, Lower California, Mexico; 6 from 7 miles south 
of Catavina, Lower California, Mexico. Sylvilagus bachmani rosaphagus, 1 from 
mouth of Canyon San Juan de Dios, Lower California, Mexico (not typical) ; 
1 from San Quintin, Lower California, Mexico; 6 from Santo Domingo, Lower 
California, Mexico. 


3All specimens from the collection of the San Diego Society of Natural History except 
the following, which are from the collection of L. M. Huey: 3 S. 6. howelli from near Alamo, 
2 from Sangre de Cristo; 2 S. 6. exiguus from near Catavina; and 3 S. 6. rosaphagus from 
Santo Domingo. 
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A NEW SPECIES OF LEGLESS LIZARD 
FROM SAN GERONIMO ISLAND, 
LOWER CALIFORNIA, MEXICO 


BY 


CHARLES E. SHAW 
San Diego Society of Natural History 


Having occasion to examine a number of California Legless Lizards 
(Anniella pulchra pulchra) in the collection of L. M. Klauber, I came 
upon two specimens from San Geronimo Island, off the Pacific coast of 
Lower California, Mexico, which appeared to represent a new species. 
Their novelty has been confirmed by comparisons with a large series of 
A. p. pulchra from California and Lower California, including Todos 
Santos and Los Coronados Islands, which also lie off the Pacific coast 
of Lower California. 1 therefore describe this new form as 


Anniella geronimensis new species 
San GERONIMO ISLAND LEGLESS LIZARD 
Type Specimen—No. 7543 in the collection of L. M. Klauber. Adult 


female collected on San Geronimo Island, Lower California, Mexico, March 28, 
1932, by Margaret Bancroft. A single paratype, LMK 7542, with the same data 


as the type specimen, is also available. 


Diagnosis —This species closely resembles A. p. pulchra, but differs from 
that subspecies in having the head more depressed, broader, and sharply pointed 
in profile. The fourth instead of the second supralabial is the largest. The tail 
is shorter and somewhat heavier than in p. pulchra. The ratio of tail to total 
length ranges from .297 to .315 and averages .306, while the ratio of tail length 
to total length in p. pulchra varies from .343 to .414 and averages .382 in 24 
adult specimens. In markings, geronimensis differs from p. pulchra in having 
as many as 25 prominent dark stripes at the neck instead of the usual three of 
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the latter form. The scales of the ventrum are speckled or streaked with brown 
and have a dark brown anterior edge. 


Description of the Type——Body sub-cylindrical; tail short (.315 of the total 
length) and sub-cylindrical. Head depressed, short and little distinct from the 
neck; sharply pointed in profile and shovel-shaped in outline from above. When 
the mouth is closed the supralabials overhang and partially conceal the infra- 
labials. The snout projects beyond the lower jaw. There is no ear opening. 


The scalation of the head is as follows: a large, strongly recurved rostral, 
sharply pointed in profile, and flat below. A pair of internasals, followed by the 
fronto-nasal, which is wider than long and bordered on each side by a single large 
preocular. Posterior to the fronto-nasal is the fronto-parietal, which is smaller 
than the preceding plate, wider than long, and notched posteriorly to receive a 
small interparietal which is bordered on each side by a small parietal. Posterior 
to the interparietal are two small interoccipitals separating two narrow but high 
occipitals on the left side from a single one on the right. Posterior to the inter- 
occipitals are the body scales, which are sharply reduced in size. There are four 
supraoculars on the right side and four on the left, two long and narrow super- 
ciliaries, and a single small postocular. The nasal is short, but high, and the 
nostril is a little forward of the center. Above and behind the nasal is the inter- 
nasal. Below the nasal is the first supralabial, which also extends a short distance 
beneath the rostral. There are seven supralabials on the right side and six on the 
left. The fourth supralabial is the largest, and, together with the third supra- 
labial, is in contact with the eye. There is a single, inferior, eyelid covered by three 
scales. 


The symphyseal is large and sub-triangular. There are six infralabials on 
the right side and seven on the left, smaller than the supralabials. There are 
several series of enlarged sublabials. The preanal scales are equal in size to those 
preceding them. There are 24 longitudinal series of scales at mid-body and 14 
around the middle of the tail. 


Coloration and Markings ——The top and sides of the head are black with 
small spots of the gray ground color showing. The infralabials and sublabials 
are dark brown. The body and tail are longitudinally striped with black or dark 
gray on a gray ground color. Under magnification, the scales of the body and 
tail have a silvery gray ground color mottled with black or dark brown. The 
upper and lower edges of each scale are dark brown or black. Through the 
center of each scale run several fine silver striations which mark the boundaries 
of the longitudinal stripes. The scales of the ventrum are stippled or streaked 
with brown and edged anteriorly with dark brown on a light-gray ground color. 


There is a reduction in the number of dorsal and lateral longitudinal stripes 
from 25 at the neck to 19 at mid-body and 18 a short distance anterior to the 
anus. At the anus two lateral stripes on each side are dropped. The dorsal, 
lateral, and ventral stripes on the tail number 14 and are slightly wider than 
those of the body, due to the increase in the size of the tail scales. 


Measurements of the Type—Total length, 190 mm.; tail length, 60 mm.; 
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ratio of tail length to total length, .315. 


The paratype shows no appreciable variation in scalation and markings from 
the type specimen. 

I am indebted to Mr. L. M. Klauber and Mr. C. B. Perkins for 
advice and criticism concerning this paper, and to Mr. Alvin Paley who 
made the drawings. 


Fig. 1—Anniella geronimensis (lateral view of head). Type specimen. 


Fig. 2—Anniella pulchra pulchra (lateral view of head). From near Des- 
canso, San Diego County, California. 
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THE PALEONTOLOGY AND STRATIGRAPHY 
OF THE PLEISTOCENE AT SIGNAL HILL, 
LONG BEACH, CALIFORNIA* 


BY 
James H. DeLong, Jr. 


California Institute of Technology 


INTRODUCTION 


Location 

Signal Hill is located in the northern limits of the city of Long Beach, 
Los Angeles County, California, approximately two and a half miles north 
of the Pacific Ocean waterfront. It reaches an elevation of three hundred 
and sixty-four feet and is the highest point in a series of low-lying hills 
that extend from Seal Beach in Orange County, to the Dominguez Hills, 
approximately ten miles to the northwest. Signal Hill is a portion of the 


Long Beach oil field. 


Review of Literature 

Arnold (1, pp. 30-32) in his report on the marine Pleistocene at 
San Pedro, California, gave a brief but fairly detailed account of the 
Pleistocene stratigraphy and paleontology at Signal Hill. Arnold listed 
a fauna of one hundred and sixty species from the “Upper San Pedro” 
formation (Palos Verdes sands), but he found no fossils in the under- 
lying sands and gravels. However, Arnold considered this latter group 
to be equivalent to his “Lower San Pedro” formation (San Pedro sands). 
So far as I know this is the only published report that has a detailed 
account of the Pleistocene at Signal Hill. 

Eaton (5, p. 124) considered the Palos Verdes sands on Signal Hill 
as being equivalent in part to the warm-water Hall Canyon formation of 
Lower Pleistocene age, rather than Upper Pleistocene. 

Grant and Gale (7, p. 43) suggested that the “Upper San Pedro” 
on Signal Hill might possibly belong to the basal warm-water Las Posas 


* Contribution No. 305, Balch Graduate School of the Geological Sciences, California 
Institute of Technology, Pasadena, California. 
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zone instead of the Palos Verdes sands because the beds are deformed 
and there are two warm-water horizons in the Pleistocene instead of one. 

Professor Tieje (7, p. 43) also suspected that the “Upper San 
Pedro” beds at Signal Hill belonged to the Las Posas zone. 


Purpose of Report 

I spent the summer of 1938 studying the stratigraphy and paleon- 
tology of the two Pleistocene formations exposed at Signal Hill. Special 
emphasis in this study was placed on the lower series of sands and gravels 
from which a large representative fauna was collected. Previous to this 
no fossils had been reported from this lower group of sediments. It seems 
desirable, therefore, to record the results of this investigation. 
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STRATIGRAPHICAL NOMENCLATURE 


Before proceeding with a discussion of the geology of Signal Hill, 
it is perhaps advisable to give a brief discussion of the stratigraphical 
nomenclature used in this report. 

Arnold (1) used the terms “Lower San Pedro” and “Upper San 
Pedro” for his formations of Lower and Upper Pleistocene age, respec- 
tively. Kew suggested, in work for the United States Geological Survey, 
the names “San Pedro” and “Palos Verdes” for Arnold’s “Lower and 
Upper San Pedro” formations. These have been accepted by the United 
States Geological Survey and, accordingly, will be used in this report. 
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STRATIGRAPHY 


General Statement 


The rocks exposed at the surface on Signal Hill are composed of 
loosely consolidated marine sands and gravels. They are divisible into 
two formations: (1) the Palos Verdes sands of Upper Pleistocene 
age and (2) the San Pedro sands of Lower Pleistocene age. The Lower 
Pleistocene sands are found in oil wells at all depths down to 1000 feet. 
No formations older than the San Pedro sands are known from surface 
exposures, but subsurface data show the Lower Pleistocene to be 
underlain unconformably by the Pico formation of Upper Pliocene age, 
approximately 1300 feet thick, which in turn is unconformably underlain 
by Lower Pliocene Repetto formation, which is approximately 2300 feet 
thick at Signal Hill and which contains most of the oil-producing 
horizons (9). These Pliocene sediments are more consolidated than the 
Pleistocene and consist of alternating beds of sand, sandy shale, and 
shale. Some of the wells below a depth of 5000 feet have entered a hard 
black shale which is believed to be Upper Miocene (2). The columnar 


section (Fig. 1) shows this succession in more detail. 


San Pedro Sands 


The San Pedro sands in the Signal Hill area consist of a series of 
fairly well-bedded, though locally cross-bedded, loosely consolidated 
marine silts, sands, and gravels. They are gray colored when fresh, but 
because of the many local brownish pockets and lenses, and the general 
tendency to weather out with a brown color, the series is easily 
distinguished by its brown color from the overlying gray Palos Verdes 
sands. The fragments vary from silt size up to four or five inches in 
diameter. The majority of these pebbles are well-rounded, slightly 
weathered, and of an assortment that seems to indicate their derivation 
from a possible quartz diorite region. A few rounded pebbles of shale 
were found in the coarser beds. The lithology of these fragments is very 
similar to the Miocene shale beds exposed in and around San Pedro. On 
the north slope of water Tank Hill (Fig. 3), in a small ravine about 200 
feet east of the lowermost oil well is an outcrop of a well-consolidated 
gray silt—almost a shale. In lithology it closely resembles a portion of 
the Miocene shale exposed on the Palos Verdes Hills, but because of its 
stratigraphic position it is believed to be a consolidated lens of the San 


Pedro sands. 
Although a good deal of lensing occurs, as is natural in a gravel 
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and sand series, the San Pedro sands as a whole, at least in the exposed 
portion, are fine-grained in the lower portion and coarsest in the 
uppermost part. This is the reverse of normal order of deposition but it 
may be explained by the fact that the surrounding uplands were probably 
undergoing initial diastrophic disturbances preparatory to the great 
Pacific Coast Pleistocene revolution. 


On Water Tank hill the San Pedro sands are finer-grained and 
more firmly consolidated than on Signal Hill proper. 


An exceedingly fossiliferous silt lens was found in the lower part 
of the exposed San Pedro sands in the old reservoir cut (Fig. 3). 


The exposed portion of the San Pedro sands on Signal Hill is 
approximately 75 feet thick. As indicated in a previous paragraph, the 
well-core evidence tentatively places the thickness of the Lower 
Pleistocene succession of which the San Pedro sands are a part at 
approximately 1000 feet. Whether this section belongs to the San Pedro 
sands entirely, is not known. 


The San Pedro sands are the core of Signal Hill and thus outcrop 
on all sides of the hill, wherever an artificial cut or small ravine has cut 
through the overlying Palos Verdes sands. The dips are variable but 
are usually steep, ranging from 15 to 40 degrees. In general, at any given 
point, the beds dip in the same direction as the slope of the hill. 


Palos Verdes Sands 


Resting unconformably on the tilted brown San Pedro sands at 
Signal Hill is a gray stratum of exceedingly fossiliferous, unconsolidated, 
marine gravel. The matrix varies from fine sand grains to pebbles three 
inches in diameter. Most of these pebbles are fresh, subangular to 
well-rounded, and of a heterogeneous assortment. However, no fragments 
of Miocene shale which are common to the Palos Verdes sands at San 
Pedro were found in the Signal Hill localities. The fossils are well 
preserved and may easily be removed from the matrix by hand. The 
gravel stratum varies from three inches to about two feet in thickness. 


Overlying the fossiliferous gravel is a massive deposit of fine, gray, 
micaceous, unconsolidated sand. No fossils were found in it. The sand 
varies from two to over ten feet in thickness. It thickens to the south and 
west where it replaces or overlies the basal gravel. Arnold (1, p. 32) states 
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that the fifty feet of sand exposed in the sea cliff at Long Beach is a 
continuation of the Palos Verdes sands exposed on Signal Hill. Because 
of a covering of vegetation and a city ordinance against excavation, this 
statement could not be verified. It is probably a continuation, however, 
because of the fauna reported by Arnold and the dip in that direction 
on the south side of Signal Hill. 

The basal gravel is fairly uniform in character wherever exposed 
except in the Cherry Avenue cut between East 23rd and Burnett Streets, 
where the pebbles are more weathered and the fossils are semi-cemented 
together by calcium carbonate—a coquina-like mass. The overlying sands 
are remarkably uniform in color, texture, composition and structure, 
wherever they are found in the Signal Hill region. 

The Palos Verdes sands can always be easily recognized by their 
lithology and faunal content. 

The Palos Verdes sands are absent from the northwest side of 
Signal Hill. This absence is probably due to erosion and possible patchy 
deposition of the sediments. On the east slope of Water Tank hill, in 
a dump, are Palos Verdes sediments and fossils. However, they are not 
in place and most likely were dumped there after being hauled from 
some other locality. Outside of this occurrence, the Palos Verdes sands 
are not present on this hill. 

The dips are gentle and closely follow the slope of the hill both in 
direction and amount. 

Overlying the Palos Verdes sands are about two to over twenty-five 


feet of dark brown sandy soil, the thickest part being on the crest of 
Signal Hill. 


PALEONTOLOGY 
San Pedro Sands Fauna 
GASTROPODA 
Amphissa columbiana Dall 


A. reticulata Dall 

A. ventricosa Arnold 
Bittium asperum (Gabb) 
B. catalinense Bartsch 

B. larum Bartsch 

B. ornatissimum Bartsch 


B. rugatum Carpenter 
Bursa californica Hinds ? 
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Calliostoma canaliculatum (Martyn) 
C. costatum (Martyn) 

Cancellaria tritonidea (Gabb) 
Clathurella conradiana Gabb 

Conus californicus Hinds 

Crepidula adunca Sowerby 

C. excavata (Broderip) 

C. nummaria Gould 

C. onyx Sowerby 

C. princeps Conrad 

Epitonium indianorum (Carpenter) 
Fusinus barbarensis (Trask) 
Mangelia hecetae Dall and Bartsch 
Mitrella carinata (Hinds) var. gausapata (Gould) 
M. tuberosa (Carpenter) 
Moniliopsis incisa (Carpenter) 
Nassarius mendicus (Gould) 

N. mendicus (Gould) var. cooperi (Forbes) 
N. perpinguis (Hinds) 

Natica clausa Broderip and Sowerby 
Neptunea tabulata (Baird) 

Neverita alta Dall 

N. recluziana imperforata Dall 
Olivella pedroana (Conrad) 
Polinices lewisii (Gould) 

Seila montereyensis Bartsch 
Surculites carpenterianus (Gabb) 
Terebra albocincta (Carpenter) var. pedroana Dall 
Tritonalia barbarensis (Gabb) 

T. lurida (Middendorff) 

T. poulsoni (Carpenter) 

Trophon eucymata Dall 

T. multicostatus (Eschscholtz) 

T. pacificus (Dall) 

Turbonilla pedroana Dall and Bartsch 
Turcica caffea Gabb 


Turritella cooperi Carpenter 
PELECYPODA 


Botula diegensis Dall ? 

Cardita ventricosa Gould 
Clementia subdiaphana Carpenter 
Corbula luteola Carpenter 
Cryptomya californica (Conrad) 
Gari edentula (Gabb) 
Laevicardium corbis (Martyn) 

L. quadragenarium (Conrad) 
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Lucina acutilineata Conrad 

L. californica Conrad 

L. nuttallii Conrad 

L. tenuisculpta Carpenter 

Macoma calcarea (Gmelin) 

M. inquinata (Deshayes) 

Nucula castrensis Hinds 

Nuculana taphria (Dall) 

Panope generosa Gould 

Pecten hastatus Sowerby 

P. islandicus Muller var. hindsii Carpenter 
P. islandicus Muller var. jordani Arnold 
P. latiauratus Conrad 

P. multirugosus Gale 

P. stearnsii Dall 

Psp. 

Pododesmus macroschisma (Deshayes) 
Psephidia cymata Dall 

P. ovalis Dall 

P. salmonea (Carpenter) 

Saxicava arctica (Linnaeus) 
Schizothaerus nuttallii (Conrad) 
Solen sicarius Gould 

Thracia undulata (Conrad) 

Yoldia scissurata Dall 


SCAPHOPODA 
Dentalium neohexagonum Sharp and Pilsbry 


Faunal Summary—San Pedro Sands 


Mio raletarinber (es species een Sn a eo akc ac tlenstieae 


Petey plord 26 ar ee eee A SR a ee ee ere A 


Specesmivineias Samubedtoy <5 ie te NE 
Retcenine igang fase rarer Soh cra latte po re, 
Species Ingiaonly morth ofan, Pedro; 2-2-6 be Jee cece 
BGE SEY ete CREATE Weis Sens. Re pe Reaa oe Oe se ee ee 
Species living only southiebSan-Pedeo:.2 oo a2 ee ache cece ee cence 
Dercettare Omran cc <meta tik Ais anny SS eae 
Species having greatest range north of San Pedro 2000s 
glosae! CCS cM eit ee oe eet Ae 
Species having greatest range south of San Pedro 2.022.000.0000. 0eseeceeceeeeeones 
etree tiene ele picaitiaie ee ata ne eee tee tr P oe 
Sib areGN eto 8, Wo Na eee See On 
(Bee S65) se ae ee Se a 


240 SAN Disco Socitry oF NATURAL History 


Species of questionable habitat 
Percentages ot; Fata tac es. Oy OER eR ae Wee 4 


Faunal Relations—San Pedro Sands 


The strata in which the fossils of the San Pedro sands at Signal 
Hill were found, were laid down in relatively shallow water. The 
medium-grained, tan and gray sands in which they were found are similar 
to the sands which are being deposited in depths from ten to twenty-five 
fathoms off Long Beach at the present time. The fauna of the San Pedro 
sands at Signal Hill is a cool-water fauna. This is evidenced by the 
higher percentages of cold-water affinities than warm. 16% of the species 
are now living only north of San Pedro and 18% of those that range 
north and south of San Pedro have a much more pronounced range 
north than south. This is at quite a variance with the 8% obtained for 
the forms now living only south of San Pedro and 5% for those with a 
pronounced southerly range. The presence of the southern forms in 
the San Pedro sands indicates a temperate climate, probably somewhat 
similar to the present climate of the Pacific Northwest. That this cool 
temperate aspect was climatic rather than facies is shown by the relatively 
constant ratio between northern and southern forms wherever the San 
Pedro sands are found. 


Palos Verdes Sands Fauna 
GASTROPODA 


Acanthina spirata (Blainville) 
Acmaea insessa (Hinds) 

Acteon punctocaelatus (Carpenter) 
Amphissa columbiana Dall 

A. versicolor Dall 

Bullus punctulatus (Adams) 
Calliostoma canaliculatum (Martyn) 
C. gemmulatum Carpenter 

C. tricolor Gabb 

Calyptraea mamillaris Broderip 
Ceritidea californica (Haldeman) 
Conus californicus Hinds 
Crepidula adunca Sowerby 

C. crepidula lessoni Broderip 

C. excavata (Broderip) 

C. nummaria Gould 

C. onyx Sowerby 

Gysp: 
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Crucibulum spinosum (Sowerby) 
Diodora aspera (Eschscholtz) 
Epitonium indianorum (Carpenter) 
Hyalina californica (Tomlin) 
Lacuna unifasciata Carpenter 

Lora sp. 

Lucapinella callomarginata (Carpenter) 
Mangelia hecetae Dall and Bartsch 
M. variegata Carpenter 
Megatebennus bimaculata (Dall) 
Melampus olivaceous Carpenter 
Melanella hastata (Sowerby) 

M. micans (Carpenter) 

Mitrella carinata (Hinds) 

M. carinata (Hinds) var. gausapata (Gould) 
M. tuberosa (Carpenter) 
Moniliopsis incisa (Carpenter) 
Nassarius californianus (Conrad) 
N. cerritensis (Arnold) 

N. fossatus (Gould) 

N. mendicus (Gould) 

N. mendicus (Gould) var. cooperi (Forbes) 
N. perpinguis (Hinds) 

N. tegula (Reeve) 

Neverita alta Dall 

N. recluziana imperforata Dall 
Olivella biplicata (Sowerby) 

O. pedroana (Conrad) 

Polinices lewisii (Gould) 

Purpura festiva (Hinds) 

P. nuttallii (Conrad) 

Retusa carinata (Carpenter) 

R. culcitella (Gould) 

Tegula ligulata (Menke) 


Terebra albocincta (Carpenter) var. pedroana Dall 


Tricolia compta (Gould) 

T. pulloides (Carpenter) 

Tritonalia lurida (Middendorff) 

T. poulsoni (Carpenter) 

Turbonilla pedroana Dall and Bartsch 
T. torquata (Gould) 

T. tridentata (Carpenter) 

Turritella cooperi Carpenter 


Volvulella cylindrica (Carpenter) 


PELECYPODA 
Amiantis callosa (Conrad) 
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Anomia peruviana d’Orbigny 
Apolymetis biangulata (Carpenter) 
Chama pellucida Broderip 

Corbula luteola Carpenter 
Crassinella branneri (Arnold) 
Cryptomya californica (Conrad) 
Cumingia lamellosa Sowerby 
Donax californicus Conrad 

D. gouldii Dall 

Dosinia ponderosa (Gray) 
Laevicardium procerum (Sowerby) 
L. quadragenerium (Conrad) 

L. substriatum (Conrad) 

Lima dehiscens Conrad 

Lucina nuttallii Conrad 

Macoma indentata Carpenter 

M. moesta (Deshayes) var. acolasta Dall 
M. nasuta (Conrad) 

M. secta (Conrad) 

Mactra californica Conrad 

M. elegans Sowerby 

M. hemphilli Dall 

M. nasuta Gould 

M. planulata Conrad 

Mya cancellata Conrad 

Nucula exigua Sowerby 

Nuculana taphria (Dall) 

Ostrea lurida Carpenter 

Pecten gibbus (Linnaeus) var. circularis Sowerby 
P. latiauratus Conrad 

P. multirugosus Gale 

Periploma planiuscula Sowerby 
Petricola carditoides (Conrad) 

P. denticulata Sowerby 

Pholas gabbi (Tryon) 

Pitar squalidus (Sowerby) 
Pododesmus macroschisma (Deshayes) 
Pseudochama exogyra (Conrad) 
Sanguinolaria nuttallii Conrad 
Schizothaerus nuttallii (Conrad) 
Semele decisa (Conrad) 

S. pulchra (Sowerby) 

Tagelus californianus (Conrad) 
Taras parilis (Conrad) var. sericatus (Reeve) 
Tellina bodegensis Hinds 

T. buttoni Dall 

T. meropsis Dall 
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Tivela stultorum (Mawe) 

Venerupis staminea (Conrad) 

V. staminea (Conrad) var. laciniata (Carpenter) 
Venus fluctifraga Sowerby 

V. gnidia Broderip and Sowerby 

V. purpurissata Dall 

Volsella recta (Conrad) 

Yoldia cooperi Gabb 


SCAPHOPODA 
Dentalium neohexagonum Sharp and Pilsbry 


CRUSTACEA 
Balanus concavus Bronn 
Cancer sp. 


Faunal Summary—Palos Verdes Sands 
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Faunal Relations—Palos Verdes Sands 


The fauna of the Palos Verdes sands at Signal Hill is southerly 
in character and represents a fauna that today is living several hundred 
miles south of San Pedro. Not only is there a relatively large percentage 
of the species now living only south of San Pedro (14%), but also many 


of those that are living at San Pedro have a much greater range to 
south (26%) than the north (4%). Those northern forms present 


very few and rare. The fauna may be said to be semi-tropical, 


the 
are 
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evidenced by the presence of such forms as Retusa carinata, Bulla 
punctulatus, Calliostoma gemmulatum, Laevicardium procerum, and 
Mactra hemphilli. 

The fauna is one that was probably deposited in shallow water 
under fairly rapid changing conditions. The faunal assemblage indicates 
a fauna that would be found on a low, sandy coast. 


CuHeEck List oF Fossits COLLECTED AT SIGNAL HILL 


In the following check list of fossils from the Pleistocene at Signal 
Hill, the specific and generic nomenclature generally follows that of 
Grant and Gale (7). The exceptions to this rule are that of Venus 
purpurissata Dall, Amphissa reticulata Dall, Crepidula crepidula lessoni 
(Broderip) Neyverita alta Dall, and Neverita recluziana imperforata Dall. 
V. purpurissata, A. reticulata, and C. crepidula lessoni are not listed 
by Grant and Gale. They state (7, p. 802) that N. alta and N. recluziana 
imperforata are the same species. However, the specimens found on 
Signal Hill are distinct. Accordingly, the classification of Dall is used. 

The letter R indicates that a species is rare in a given locality, there 
having been three or less specimens. The letter C denotes “common” 
(four to ten specimens), and the letter A indicates “abundant”, or that 
10 or more specimens were found per locality. The presence of species 
in localities not collected by the author is indicated by the letter “P.” 
In the column marked “Living”, species now found living only south 
of San Pedro are indicated by an S. Species living only north are 
designated by the letter N. Species that range north and south are 
indicated by an X. Xn means a very pronounced northern range as 
compared with that of the south; Xs is vice versa. E indicates that the 
species is extinct. The present range of species was taken from Grant 
and Gale (7). 

The column marked Las Posas (7, p. 42) includes the species 
common to Signal Hill and the calcareous beds and marls exposed at 
Lomita Quarry, Hilltop Quarry, and Second Street, San Pedro. The list 
of Las Posas fossils was taken from Clark (8, check list). The next four 
columns belong to the Timms Point horizon. Deadman Island and 
Second Street are locality names, while Zone 1 and Zone 2 are the 
two faunal zones present at the type locality at Timms Point, San 
Pedro. Species common to these localities and those of Signal Hill 
are accordingly listed under their proper headings. These fossils were 
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also taken from Clark’s check list (8). The San Pedro sands are 
subdivided into three, Deadman Island, San Pedro Bluffs, and Nob 
Hill, localities around San Pedro in which they are exposed. Arnold’s 
(1, check list) lists were consulted for Deadman Island and San Pedro 
Bluffs, while Oldroyd (4) was used for Nob Hill. Cherry Avenue, Hill 
Street and Temple Avenue, and Raymond Avenue are the three localities 
on Signal Hill at which the Palos Verdes sands outcrop. Crawfish 
George’s, and the San Pedro Bluffs—the lumber yard of Arnold Gy 
p. 27)—are the localities in which the Palos Verdes sands are exposed 
in the San Pedro region. The fossils present in the two latter localities 
were taken from Arnold (1, check list) . 


COLLECTING LOCALITIES 


The following is a list of California Institute of Technology 
collecting localities at Signal Hill (Fig. 3). 


1350 Ina large oil well cut, 100 feet N 45 E of the northeast corner at the 
intersection of Hill Street and Temple Avenue. 

1348 West end of the south face of a low hill on the east side at the north 
end of Raymond Avenue. 

1349 The west face of a road cut on the east side of Cherry Avenue, 75 feet 
north of Cherry Avenue and East 23rd Street intersection. 

1351 Inthe base of a hill cut 15 feet north of the center point of the top of 
the north side of the westernmost old cement reservoir between Cali- 
fornia and Orange Avenues on the west and east and Willow and 
Spring Streets on the south and north, respectively. 


CORRELATION 
San Pedro Sands 


Before proceeding with a discussion of the correlation of the Lower 
Pleistocene fauna at Signal Hill with the Pleistocene assemblages at 
San Pedro, a brief description of the stratigraphy at San Pedro seems 
in order. 

The basal marine Pleistocene strata of the San Pedro are the 
calcareous beds and marls exposed at Second Street, Hilltop Quarry, 
and Lomita Quarry. Grant and Gale (7, p. 42) refer these to the Las 
Posas zone and they contain a warm-water fauna. Overlying the Las 
Posas zone unconformably is the Timms Point zone, the beds of which 
are exposed at Timms Point and at Second Street. Clark (8, p. 41) 


recognizes two zones in this horizon; a lower which contains a transitional 
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fauna and the upper which is a decidedly cool-water fauna. Grant and 
Gale (7, p. 42) consider this horizon to be a separate formation, but 
Dr. W. P. Woodring of the United States Geological Survey, suggests 
in a personal communication that the Timms Point horizon is merely 
a deep water facies of the overlying San Pedro sands. Unconformably 
above the Timms Point beds are the San Pedro sands with their more 
temperate water fauna. This horizon is exposed at Second Street and 
at Nob Hill. Truncating this entire Lower Pleistocene section are the 
Palos Verdes sands of Upper Pleistocene age. The beds are exposed at 
many places around San Pedro, a few of which are Crawfish George’s, 
Beacon Avenue, and around the San Pedro Bluff. The fauna is 
decidedly a warm-water fauna. 

The entire section was formerly exposed on Deadman Island in 
Los Angeles harbor before the island was blasted away in the process of 
harbor improvement. 

A correlation will now be attempted between the Signal Hill deposits 
and those of the San Pedro region. The correlation is based on the 
following points of evidence : 

1. Total percentage of Signal Hill species present in the various horizons 

in the San Pedro district. 

2. The percentage of Signal Hill species found only at Signal Hill and one 

locality around San Pedro. 

3. The percentage of abundant Signal Hill forms present abundantly in 

the San Pedro horizons. 

4. Percentage of extinct species. 

5. Cool or warm-water character of fauna. 

6. Similarities in the faunas as indicated by comparison with the California 

Institute of Technology Pleistocene collections. 


The total percentage present in other horizons is: 


ei" ROSES SOE. hee I ese ee we ees ee 53 
Deadman Island (Timms Point horizon) 222222 eeeeeeeeeee eee eeeenens 39 
Decond street (Timams Poiht horizon) <2 202 36 
Mone Wi (MiawdstPome horizon) i.e... i eS oe oe 63 
Hone 2) { Memnms Pome horzon) <2.) font 8s et eh) ds 43 
Wendmantsiind (San Pedro'sands) +. ke 71 
Sad) heeto Daitis (oat Pedro sands). 2.) tcc 45 
INGordlnt (sam Medio sands) a2. 


The above results suggest that the Signal Hill Lower Pleistocene 
deposits are equivalent either to the San Pedro sands or the Timms 
Point horizon. The Las Posas zone can be disregarded, although it has 
a fairly high percentage of species present at Signal Hill. The Las Posas 
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zone fauna lived in warm-water, the Signal Hill fauna in cool-water. The 
faunal assemblages are also quite dissimilar. 


Signal Hill species found only at the following localities are: 


Deadman Island (((imms Poimtihorizon)) 2. ee 0 
Second! Street (@rimmis: Poit horizon) 1 
Zone Wa(Glammis Point horizon)! ese eee eee 11 
Zone oe (lsumnmis! Point norizOn) ee 2 
Deadmansland"(San'Pedrolsatids)\ on). e = ee eee 18 
San’ Pedro Bluffs: (San Pedto sands): 28 see = ee 5 
Nob HilliGut (San;Pedrosands)) 22 oot 5 


This limits the possibilities to Zone 1, Timms Point, and Deadman 
Island, San Pedro sands. The other four localities can be neglected 
because of their low values. 


The percentage of abundant Signal Hill species abundant in Zone 
1, Timms Point, and Deadman Island, San Pedro sands is: 


Zoriey l( Wimamis) Potts oetzon)) se eee eee ee eee 22 
Deadman Island) (SaniPedro'sands) ae ee 34 


It will be noticed that the Deadman Island San Pedro sands 
percentage values are highest throughout these three points of evidence, 
and thus suggest that the Signal Hill Lower Pleistocene 1s equivalent 
to the San Pedro sands. 


For further verification of this evidence the extinction values were 
consulted. Clark (8, p. 32) reported the Timms Point extinction as 
being 8.8%. The Signal Hill fauna is in sharp contrast to this in being 
at 4%, which in turn is nearer that of the San Pedro sands. 

As a final check, the California Institute of Technology Pleistocene 
collections of southern California were studied. These collections show 
that the characteristic Zone 1 Timms Point fossils, such as Turritella 
jewettii, Pecten caurinus, Thracia trapezoides, Nuculana minuta 
praecursor, Protocardia centifilosa, Cardita barbarensis are not found on 
Signal Hill. On the other hand, the Signal Hill species closely resemble 
those of the San Pedro sands at Deadman Island. 

Hence, all this evidence leads to the conclusion that the exposed 
Lower Pleistocene deposits on Signal Hill are equivalent to the San 
Pedro sands horizon of the San Pedro region, and equivalent in facies 
to the San Pedro sands formerly exposed on Deadman Island. Each 
point used as evidence in this correlation is not by itself conclusive but 
when the six give the same trend, fairly accurate and safe conclusions 
can be drawn. 
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Palos Verdes Sands 


The warm-water deposits which overlie the San Pedro sands on 
Signal Hill are equivalent to the Palos Verdes sands of Upper Pleistocene 
age in the San Pedro region. The fauna is also probably of the same 
facies as that found in the San Pedro bluffs near the old lumber yard of 
Arnold’s report (1). The evidence for this correlation is based on the 
remarkable similarities in the forms present at both localities and the 
similar sub-tropical aspect of the two faunas. 


At first a possible correlation might be attempted between the Signal 
Hill Palos Verdes sands and the beds of the warm-water beds of the 
Las Posas zone because of the warm-water aspect of both faunas. 
However, Dr. W. P. Woodring (7, p. 40) has shown that the Las 
Posas at San Pedro underlies beds that are equivalent to the sands and 
gravels that underlie the warm-water beds on Signal Hill. 


No long range correlations were attempted, but from the collection 
of Spanish Bight, San Diego, fossils at the California Institute of 
Technology, it is evident that the Signal Hill Palos Verdes sands fauna 


is very similar to it. Hence, it is considered to be of the same facies. 
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CORRELATION OF THE SAN PEDRO AND PALOS VERDES SANDS 
AT SIGNAL HILL. 


250 


(1) 


(2) 
(3) 


(4) 


O) 
(6) 
(7) 


(8) 


(9) 


1903 


1923 


1924 


1924 


1928 


1929 


1931 


1931 


1935 


San D1gGo Socrety oF NATURAL History 


BIBLIOGRAPHY 


ARNOLD, R., The Paleontology and Stratigraphy of the Marine 
Pliocene and Pleistocene of San Pedro, California. Mem Cal Acad 
Sci, vol 3. 


Case, J. B., and Keyes, R. L., Report on the Long Beach Oil Field. 
Cal State Min Bur, Oil Fields vol 9, no 4. 


SCHWEUNESEN, A. T., OverBECcK, R. M., and DuBENDorr, H. 
H., The Long Beach Oil Field and Its Problems. Bull AAPG, 


vol 8, no 4. 


Otproyp, T. S., The Fossils of the Lower San Pedro Fauna of 
the Nob Hill Cut, San Pedro, California. Proc of US Nat 
Museum, vol 65, art 22. 


Eaton, J. B., Divisions and Duration of the Pleistocene in South- 
ern California. Bull AAPG, vol 12, no 2. 


Roserts, D. C., Long Beach Oil Field, Los Angeles County, Cali- 
fornia. Struct of Typ Amer Oil Fields, vol 2. 


Grant, U. S., and Gate, H. R., Catalogue of Marine Pliocene 
and Pleistocene Mollusca of California. Mem San Diego Soc of 
Nat Hist, vol 1. 


CrarKk, ALEX, The Cool Water Timms Point Pleistocene Horizon 
at San Pedro, California. Trans San Diego Soc of Nat Hist, vol 
7, no 4. 


Hoots, H. W., and Herotp, S. C., Natural Gas Resources of 
California. Section on Long Beach Oil Field. Geol of Nat Gas. 


z n a”, ob 
. ey han 


hal fale } 


2 
2 
4 

: Mins oe xe 
7 i ag aril mA ~- 
; 7 one =, ee eam oF 4 ae a y ~(io 

i - ele ta bes detect ta 

_ Tig - Ses St . zd = ee vs. 
7 ww és” oa < 2 7 

a ee ee er Oe en = 


° = 
—. - Me opis 7 


Aske ne eae ; 


ee ieee eee 
ae Wee ety 
ee ees 


ise Zoology 
( MAY 13 1941 
LIBRARY 
TRANSACTIONS 
OF THE 
SAN DIEGO SOCIETY OF NATURAL HISTORY 
VoLuME IX, No. 26, pp. 253-264, plates 9-11 Apri 30, 1941 
am of Compe 
Coots ae" Zoology 
\ MAY 13 19: 
Et BRAS 


A KEY TO THE PYCNOGONIDA OF THE PACIFIC 


COAST OF NORTH AMERICA 
BY 


Joe, W. HepGPetH 
Walnut Creek, California 


INTRODUCTION 


This key is based on obvious characters without reference to 
systematic relationships and is intended as an aid to identification of 
pycnogonids in the field. For that reason illustrations of many of the 
known species have been included, as well as information concerning 
distribution. Since the complete distribution of many species is yet to 
be established, the localities named should be considered more as a 
suggestion than the final word. 


The characters used in this key should be visible under the medium 
power of a dissecting microscope, although in many of the smaller species 
it is difficult to make out details because of the debris adhering to the 
surface of the animal. This is particularly true of the spiny forms, and 
in some cases it will be necessary to brush the animal off with a camel’s 
hair brush, perhaps even to pick at it with a dissecting needle. Specimens 
are best killed for study purposes by placing them in fresh water for a few 
minutes, which causes them to die in an extended condition. They are 
strongly thigmotropic, and if there are several together in a pan they will 
tangle up into an inextricable mass. 


Although this is not primarily a taxonomic paper, it has been 
necessary to recognize certain synonymies, which are discussed under 
taxonomic notes. I am indebted to Dr. Isabella Gordon of the British 
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Museum for information concerning the types of Nymphon pixellae, 
which she was kind enough to examine for me during these unsettled times. 


With the exception of Eurycyde spinosa all the species accredited to 
Dr. Hilton and included in this key have been described by him in a 
merely preliminary manner (Hilton, 1939a) without illustrations. As it 
may be several years before his final paper appears, it was thought best to 
include all his species in the key at this time. 


The measurements given in this key refer to the extent, or 
approximate diameter, of the animal, including the legs, except in the 
genus Pycnogonum, where it refers to the length of the trunk and abdomen 
on the long axis. These measurements are approximate, since adult 
individuals of many of the species of pycnogonids vary in size. 


KEY 


l. Legs eight-jointed, not terminated by chelae_ 2. 2 
Legs apparently seven-jointed, with a chela at the end of each leg; 
“palpi” present, two-jointed, chelifores absent!. (Pacific Grove) 

Bee oe Ets MN eevee st lue | SEE Decachela disca a Hilton 

2: -Proboscis one-joitited. ia: 25 wen ae eee ee 3) 
Proboscis two-jointed; minute species with angular first coxal joints; 
chelifores and palpi present, chelifores, achelate. 3.6 mm. (Santa 


Geazdsland lacuna; Beach) =. Seen ee Eurycyde spinosa Hilton 
3) +Cheliforesioripalpi,/or both presenti eee ee 6 
Chelifores and ipalpt lacking2. salad ete ee eee 4 


4. Stout-legged, knobby forms, oval in outline, body segmentation 
GISGNCE, Soe A bo et gn es Se he ee ee 5 
Legs moderately long, slender, body compact, segmentation indistinct 
of absent.«2-3 mm. (Central California coast) = ee 
Ee Soe ee ae Od See reek Pe ee eer Phoxichilus compactus Hilton 

5. Body granular; dorsal tubercles inconspicuous or absent. 

Littoral. Often on Cribrina or Metridium, and Abietinaria. Female 
6 mm. long, male smaller. (Alaska-San Diego) -....0020020-0--0-2-.--. 
RE PLS eae te Wl Net ar te ee EP Pycnogonum stearnsi Ives 
Body reticulated; prominent dorsal trunk tubercles, which are higher 
than eye tubercle. Female 6-7 mm. long, male smaller. Subtidal. On 
wharf pilings and on anemones. (Tomales Point, Monterey Bay, 


Santa Cruz Uslaid)y 2c: eee te Pycnogonum rickettsi Schmitt 
®. Chelifores or palpi present, the other lacing =) =e 28 
Bothichelitotestand palpupresent 2... ee 7 
7: (Ghelifores rudimentary or achelate mvadult 2 2122.2 ee 11 
Chelifores chelate:in. adult). a=. 2 nats aoe | ee ee 8 


1Hilton seems to be undecided as to whether they are chelifores or palpi. 


10. 


iy a 


i2. 


13. 


14. 


IW 
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Scape of chelifore shorter than proboscis; small compact body. Males 
> mm., females 11.8 mm. (Central California coast) .........-..-.-.------ 
Ammothea chelata Hilton 


Scipevouger Gian proposes se eA es 9 
Large, conspicuous form over 50 mm. in extent -......-.------------------ceeeeeoeee- 10 
Small delicate form, 25-30 mm. Moderate depths. On Tunicates. 

(Ol Catalina Island) {0 Nymphon heterodenticulatum Hedgpeth? 


Fingers of chelae short, thick; legs stout, with scattered spines; neck 
short. 50 mm. (Puget Sound-Bering sea, circumpolar) .................. 
wee ele Bs ae UREN is Sioa RR a Nymphon grossipes (O. Fabr.) 
Fingers of chelae slender; legs slender; neck long. 80 mm. (Puget 


Sound, Departure Bay, B. C., offshore southern California) -........... 


osha Se etch ash. TE eee RS Sc Oe Nymphon pixellae Scott 
Body compact; segmentation indistinct, disciform; legs short, stout ........ 13 
Body more or less elongate; lateral processes separated; legs long and 

etre ekg et ne uaa nee 6 tte Fete GS Pt 8s ce 12 


Proboscis cylindrical, chelifores one-jointed stumps. 18-20 mm. On 
Abietinaria. (Marin County-Laguna Beach) .............-2.-2--2-2--0--0-----++ 
speco-tecgat Wt pec teas eR ee Lecythorhynchus marginatus Cole 
Proboscis elliptical, chelifores three-jointed; legs without large tarsal 
claws. 8-9 mm. (San Pedro Point-Lower California) -.......-..-..--------- 
fee pa ae an era a a Ammothella bi-unguiculata (Dorhn) 


Prosboscis broad, clavate or bulbous, long as body, sometimes directed 


ventrally and apparently shorter than the body from above ................-..--- 18 
Proboscis tapered to a point or considerably shorter than body; small 
GpaMnacricinctarmOrmns sw. ie Se ee I oe 14 
Eaposcts tapered ta aj paint. oe ee De 15 
Proboscis rounded, body very compact. 7 mm. (Pacific Grove- 
soutuern Galitomia) i.e. us Tanystylum occidentalis (Cole) 
Light brown, knobby form, with articulations of joints lighter than 
S317 Sie Salen Ieee Red gee ee ey aad en een ee 17 
Be ieee etl Ca OC eget i Bde a 16 


Sharp, spine-like protuberances on lateral processes; proboscis narrow. 
5 mm. On Obelia. (Carmel-San Diego) .... Tanystylum intermedium Cole 
Without spines on body or lateral processes; proboscis broader. 4.7 
mm. (Central California coast) .....222020 1: Tanystylum nudum Hilton 
Three spines at base of second tarsal segment, ovigers 10 jointed. 
4-6 mm. Usually on Abietinaria. (Marin County-southern Calif- 


OST ET ees ak FOE hs sel eet mae me te ec Tanystylum californicum Hilton? 
Two spines at base of second tarsal segment, ovigers unjointed. 3.6 
mm. (Central California coast) -.............---. Tanystylum duospinum Hilton 


2Description to appear in an early number of the American Midland Naturalist. 
3This is the common central California coast species, which has been confused with 


Tanystylum intermedium. It is a little larger, with stouter legs than T. intermedium. See 
Hedgpeth (1940) for more detailed distribution, under T. intermedium. 
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18. 


19% 


20. 


21, 


22 


U3) 


Tiss 


2D 


26. 


D7. 


28. 
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Body or legsinot conspicuously spiny: 2 -/ e ee  e 22 
Body or legs spiny or with conspicuous spiny tubercles ..............-.-..-..---.-. 19 
Without tallspiny tuberclesion body -f222 a> eee ee ne eee 20: 


Three tall spiny tubercles on body; two rows of spiny tubercles on 
tibial joints; coxal smooth. 10 mm. Subtidal. (Tomales Point- 
laguna each uc. arse kee eo Nymphopsis spinosissimus (Hall) 


Chelifores and abdomen not conspicuously knobby ...........-....-.--.--2---------- 2E 
Chelifores and abdomen knobby; legs spiny; body compact; chelifores 
two-jointed. 16 mm. (Bering Sea, Monterey Bay) .............2-.--.---.-- 
BO Panera sit Ried) ce NON Bk GSE TEL ae ae “Ses ee Ammothea latifrons Cole 
Chelifores three-jointed; spines or slender tubercles on mid-dorsum of 
trunk. 10)mm:- (Marin County-San: Diego); Se 
gg Ue OAL NE ER a iar SS eS ICT eee Ammothella spinifera Cole 


Chelifores two-jointed; without spines on mid-dorsum of trunk. 9 


mmm. (Central Califormiarcoast)h ee Ammothea spinoseta Hilton 
Ghelifores less than: halivas: longias proboscis. ....-2 24 
Cheliforesshalfias lonopasyproboscisl== see ta meer eee eee a ee 23: 


Tubercles on dorsal posterior margins of first two or three trunk 
segments; proboscis broad as body; chelifores three-jointed. 6-9 mm. 
In holdfasts and on sheltered rocks. (Marin County-Laguna Beach) 
oe Ane ee Meee ea! “hanes Tae » Ammothella tuberculata Cole 
Without such tubercles; proboscis narrower than body; chelifores 
two-jointed. 18-20 mm. On hydroids. (Puget Sound) .................. 
bee: Ana Pe ophd ity eR rel Ae SNOT ORS - Ammothea discoidea Exline 
Peoboseis, ellipticaltor tapered: at tip se ee 25 
Proboscis blunt or truncate. 30 mm. (Pribilof Island) -................... 
Eee een ee TAN RETR, iene tate eee) Ammothea pribilofensis Cole 


Protuberance or tubercle on dorsum of first coxal joint -...............-.-.------- 26 
Small spines instead of protuberances on first coxal joint. 15.2 mm. 
(CentralyGalitornialcoast) eae ene e Ammothea simplissima Hilton 


Protuberance on dorsum of first coxal joint at least half as long as 
fesencoxal joint xi...28c emi we es oe eo ad alate See eee Pf 
Protuberance less than half as long as first coxal joint; proboscis 
broadly elliptical. 7 mm. (Central California coast) -...........2..-..-.-- 
a eee a? et eos ok eed oh MRCS SS Ammothea nudiuscula Hall 


Protuberance half as long as coxal joint. 13 mm. (Alaska) ............ 
Sk SSSR eat MP Dan 1) OC Rah nee as Sk ae ag Ammothea alaskensis Cole 
Protuberance three-fourths as long as coxal joint; proboscis narrowly 
elliptical. 8mm. (Vancouver, B. C., Marin County, San Francisco) 
Boe Le ee RT ria Nr a eee hee eee Pe Ammothea gracilipes Cole 
Chelifores present, chelate, usually over-reaching proboscis; palpi 
lacheinigyss’ #2 chk ie AS onc Bee a eee ok ek ee ee eee Oe 29 
Chelifores lacking; palpi present; body elongate, distinctly segmented; 
large, dilated proboscis; tall eye tubercle. 50 mm. (Offshore southern 
@alitornia)t—) oe ee ee ee Colossendeis californica Hedgpeth 


29. 


30. 


S18 


32. 


D3. 


ae. 


SBE 


36. 


Bi 


38. 
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Chelae small; chelifores and proboscis not extended forward on a neck .... 32 
Chelae strong and heavy, the scape flanking the rather blunt proboscis 
at thesendrot a.wellideveloped Meck. 12s. ee ee 30 
Body gaistinctiy sepimented: ma een sen rs ee eee 31 
Segmentation of last two trunk segments indistinct; body rather 
compact. 9:10'mm. -Vittoral—(Eagune Beach) 2. oe 
area tee tee alec ct oy 2 Het. SUR A, Callipallene californiensis (Hall) 
Teeth of chelae fine, indistinct. 20 mm. (Offshore southern Cali- 
Ore ee eee ee Callipallene pacifica (Hedgpeth) 
Teeth of chelae larger, well marked. 17.6 mm. (Redondo Beach) 
Beaeceere eee eet tapes: hed lon. tAs F layh aot Callipallene palpida (Hilton) 


First trunk segment not conspicuously overhanging proboscis ................ 36 
First trunk segment overhanging forward, so that proboscis appears 

ERICGeT CATT TIN aaee eer ens Me ITE: OSA eh oN ed Se SEN 33 
[lateral processes. separated: at, Oase te ne tae RUE on oe 34 
Lateral processes contiguous at base, body compact. 15-16 mm. 

Tittoral: (Laguna Beach) <..........-22... Anoplodactylus californiensis Hall 
Wathoutdkctiobsson legset ne te oe te A ee. 35 


Knobs on long joints of legs. 17-18 mm. (Central California coast) 
ee ae a EEA ES, ae aS Re Anoplodactylus nodosus Hilton 
Large, heavy bodied. 24-25 mm. (Southern California, Hawaii) 
ee ec eee eta. See hs es See es Anoplodactylus robustus Hilton 
Small, slender, rather delicate form. 8-9 mm. (Monterey-San 


Dierowalsorolishore)) 2-2. t ccc cece ant Anoplodactylus erectus Cole 
Body extended, lateral processes separated 220.2... ecieececeeceeceeceeeeeeeeee 38 
Body compact, lateral processes contiguous .........2-2.-----2--+-0-00-c0esee eee 37 


Vivid green guts apparent throughout body and legs; eyes distinct. 
7.5mm. (Marin County-Laguna Beach) ....Halosoma viridintestinalis Cole 
Guts not apparent; eyes lacking or indistinct. 8.6 mm. (Laguna 


|50-Yen1) Ios Oe ee ee Phoxichilidium compactum Hilton 
With minute knobs or “palpi” just posterior to chelifores. 15.4 mm. 
(Mera, Cruz} California)) i. Phoxichilidium parvum Hilton 


Without such knobs. 8-10 mm. (Alaska-Laguna Beach, circum- 
PolaG ete ee ee, Phoxichilidium femoratum (Rathke) 
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Taxonomic Notes 


Decachela discata.* This very interesting form was found in 1878 
or 1879 at Pacific Grove, and has apparently not been collected since. 
Hilton has created a new family, Decachelidae, for this species. 


Ammothea chelata. A female, described under this name by Hilton 
(1939a) appears to be the same species as Ammothea euchelata 
(Hedgpeth, 1940), which was described from several male specimens. 
This unfortunate synonymy is the result of my being unaware of Dr. 
Hilton’s paper at the time. 


Nymphon grossipes. This is a circumpolar species, common in the 
North Sea and along the coast of Norway. N. mixtum is considered by 
many to be a variety of this species. Exline’s (1936) N. turritum appears 
to be a synonym of N. grossipes, although she believed it to be related to 
N. gracile, a decision apparently based on Bouvier’s key to Antarctic 
species, which she misinterpreted as an Arctic key because of the 
typographical error on page 72. (Bouvier, E. L., Pycnogonides du 
Pourquoi Pas, Deuxiéme Expedition Antarctique Francaise, 1908-1910). 


Nymphon pixellae. The description of this species has been buried 
for some years in the remoter reaches of the Annals and Magazine of 
Natural History (Scott, 1913), and is evidently the same species as 
Exline’s N. solitarium.’ I am informed by Dr. Isabella Gordon of the 
British Museum that the types of N. pixellae agree in having 24-30 teeth 
on the immovable finger of the chelae and 40-45 on the dactylus. Exline’s 
drawing indicates the same ratio for her N. solitarium. A somewhat 
larger specimen than the average was found off southern California in 
which there were 48 teeth on the immovable finger and 56 on the dactylus. 
This may be a new variety, but only one specimen has come to light so 
far.° N. pixellae appears to be related to N. longitarse Kroyer, but its 
chelae are slenderer and bear more teeth than in that species. 


Anoplodactylus petiolatus. Stephensen (1935, Pycnogonida from 
Norway and adjacent waters, Bergens Museums Arbok 1935, Naturv. 
rekke nr. 7) lists Alaska in the distribution of this species. I have been 
unable to verify this in the literature. It is a small species, less than 10 


4Although this new generic name is printed as Dechachela in Hilton’s paper, it hardly 
seems necessary to perpetuate a typographical error contrary to the author’s intention. 

5Cf. also W. T. Calman, 1938, Pycnogonida, Scientific Reports John Murray Expedi- 
tion, Vol. 5, p. 153. 

6This specimen is now in the British Museum. 
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mm. in extent. 


Ammothea longicaudata Stimpson. Cole (1904) believed this 
species to be related to his A. latifrons, but Stimpson’s description is 
inadequate for identification. Although the original manuscript of the 
description of this species is in the U. S. National Museum, the drawings, 
which were never published, have been lost, perhaps in the Chicago fire 
when much of Stimpson’s material and collections was destroyed. The 
type specimen may have been lost at the same time. 


Ammothella bi-unguiculata. This species was described from the 
Bay of Naples by Dohrn (1881) and found by Hall at Laguna Beach 
in 1912. Hall considered his specimens to be a variety, and proposed 
var. californica as a name; but this species appears to be very uniform and 
the specimens in my collection agree consistently with Dorhn’s description 
and plates. This same spotted distribution is known also for an Ophiuran, 
Amphipolis squamata.’ 


Callipallene Flynn. This generic name was proposed by Flynn 
(Flynn, T. T., 1929. Pycnogonida from the Queensland Coast. Mem. 
Queensland Museum, Vol. 9, p. 252), to replace Pallene Johnston, 
preoccupied by a genus of beetles (Pallene Meg.). The two names had 


been concurrent for nearly a hundred years. 
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Fig. 1. Map showing distribution of pocket gophers of the species Thomomys bottae in south- 
eastern California. 


THE DISTRIBUTION OF POCKET GOPHERS 
IN SOUTHEASTERN CALIFORNIA 


BY 


JoHN E. CHaTTIN 


California Museum of Vertebrate Zoology, 
University of California, Berkeley 


INTRODUCTION 


In the past few years Miss Annie M. Alexander and Miss Louise 
Kellogg have collected pocket gophers from many parts of the Mohave 
and Colorado deserts. Most of the material is from areas previously 
unrepresented by study specimens of the genus Thomomys. Study of 
these and related specimens adds much to our knowledge of the geographic 
variation among pocket gophers in southeastern California and permits 
of more accurately outlining the ranges of the several kinds. 


The boundaries arbitrarily set for the area here reported upon are: 
on the north, the county line dividing Inyo and San Bernardino counties; 
on the east, the California-Nevada state boundary and the Colorado 
River; on the south, the International Boundary between California and 
Lower California, Mexico. The western boundary, from south to north, 
is designated as the county line dividing San Diego and Imperial counties, 
but including Borego Valley in northeastern San Diego County, thence 
slightly westward to include the eastern two-thirds of Riverside County 
and all of San Bernardino County except the southwestern corner (see 
few). 

For the loan of additional specimens of two races recently named by 
Laurence M. Huey, I am indebted to him and to Mr. Clinton G. Abbott 
of the San Diego Society of Natural History. Also critical assistance 
from Dr. E. Raymond Hall is acknowledged in the preparation of this 
paper. 

The following accounts attempt to organize the systematic data 
relating to the subspecies of Thomomys bottae of the region and to 
characterize the races in a manner that will facilitate identification. 
Comparisons of diagnostic characters are made with all adjoining forms 
found within the area, variation and intergradation being indicated where 
occurring. Adult female specimens have been used throughout in all 
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comparisons since they exhibit more uniformly and more conservatively 
the several cranial characters, thereby eliminating certain secondary 
cranial age modifications present in male specimens. (See Grinnell, Univ. 
California Publ. Zool., vol. 38, pp. 5-6; October 17, 1931). The forms 


here included are as follows: 


Thomomys bottae perpallidus Merriam 
Thomomys bottae mohavensis Grinnell 
Thomomys bottae providentialis Grinnell 
Thomomys bottae centralis Hall 
Thomomys bottae rupestris new subspecies 
Thomomys bottae riparius Grinnell and Hill 
Thomomys bottae crassus new subspecies 
Thomomys bottae boregoensis Huey 

Synonym: Thomomys bottae aderrans Huey 
Thomomys bottae albatus Grinnell 


Thomomys bottae perpallidus Merriam 


Thomomys talpoides perpallidus Merriam, Science, vol. 8, p. 588, December 
24, 1886. Type from Palm Springs (Agua Caliente), Riverside County, 
California. . 

Thomomys bottae perpallidus, Goldman, Proc. Biol. Soc. Washington, vol. 48, 
p. 153, October 31, 1935. 

Range.—Northeastern part of Coachella Valley from below Whitewater, 
southeastward to vicinity of Thermal in Riverside County. 

Diagnosis —Color: In winter pelage, light grayish brown dorsally, nose 
darker; grayish white ventrally. Size: Medium, tail long (see measurements). 
Skull: Zygomata moderately developed and parallel, nasals posteriorly 
emarginate, flaring distally; auditory bullae moderately inflated; interpterygoid 
space sharply V-shaped. 

Comparisons.—T. b. perpallidus differs from Thomomys bottae mohavensis 
as follows: Color lighter; tail and hind foot longer; nasals usually longer; 
zygomata parallel rather than diverging posteriorly; interpterygoid space more 
constantly and sharply V-shaped. 

Differences from Thomomys bottae rupestris are: Color darker, with 
brown dominant as opposed to gray; total length and length of tail greater; 
cranial measurements uniformly greater except those of interorbital breadth and 
length of molar series in which overlapping occurs; zygomata parallel rather 
than diverging posteriorly; auditory bullae less inflated; interpterygoid space 
more sharply V-shaped. 

Remarks.—No type specimen was designated in the original description by 
Merriam but reference is made to several skins collected by F. Stephens in 


March and April on the Colorado Desert. According to Bailey (N. Amer. 
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Fauna, no. 39, p. 68, 1915) “In the Merriam collection are 4 skins and skulls 
labelled in accord with this statement, Nos. 2218/2734 8 , 2219/2735 6, 
2220 / 2736 6, 2221/2737 2. Of these No. 2218,/2734 is the only fully 
adult male and should have been made the type.” 

T. 6. perpallidus occupies the northeastern part of Coachella Valley. At 
the northwestern limits of its range (San Gorgonio Pass) perpallidus gives way 
abruptly to Thomomys bottae cabazonae with which form intergradation occurs 
(fide F. Durham MS). Apparently slopes of the Little San Bernardino 
Mountains on the northeast and San Jacinto Mountains on the southwest limit 
distribution of T. 6. perpallidus in these directions. There is a gradual change 
of color from north to south, the southern forms being considerably paler than 
specimens from Palm Springs. 


Relation of T. b. perpallidus to T. b. boregoensis is discussed in that account. 


Specimens examined.—Total 28, all from Riverside County as follows: 
Palm Springs, 14; Edom, 200 ft., 3; 14 mi. W Coachella, 2; 14 mi. SE Thermal, 
4; Cathedral City, 200 ft., 3; 114 mi. W Indio, 2. 


Thomomys bottae mohavensis Grinnell 


Thomomys perpallidus mohavensis Grinnell, Univ. California Publ. Zool., vol. 
17, p. 427, April 25, 1918. Type from Mohave River bottom, 2700 feet altitude, 
near Victorville, San Bernardino County, California. 

Thomomys bottae mohavensis, Goldman, Proc. Biol. Soc. Washington, vol. 48, 
p; 153; October 31, 1935. 


Range.—Mohave Desert in western half of San Bernardino County. 


Diagnosis —Color: In winter pelage, upper parts cinnamon brown, under- 
parts grayish. Size: Medium (see measurements). Skull: Zygomata parallel 
or diverging posteriorly, moderately developed; nasals posteriorly emarginate, 
expanded distally; interpterygoid space variable in shape; auditory bullae 
moderately inflated. 


Comparisons—For comparisons with adjoining forms within the area see 


accounts of T. 6. perpallidus, T. b. providentialis and T. b. rupestris. 


Remarks—Thomomys b. mohavensis was separated from T. b. perpallidus 
in the original description upon the basis of two characters, namely, darker 
coloration and shorter tail. These characters remain valid for topotypes and also 
hold in general throughout all specimens; however, some overlap is present. 
Variability is greater in mohavensis than in perpallidus possibly as a result of 
more varied environmental conditions throughout the range of mohavensis. 


It is difficult to separate mohavensis from providentialis at localities in 
central San Bernardino County. In this area specimens of mohavensis are smaller 
in size and the cranial features are more variable than in topotypes. The pelage 
is less cinnamon colored and more closely resembles that of providentialis. 
Intergradation in color and cranial features appears to occur here along the 
entire marginal area of the range. Separation has been made between the two 
forms mainly on the shape and development of zygomata which are heavier and 
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usually more angular in mohavensis, and upon averages of the several external 
and cranial measurements which are usually greater in mohavensis. 


Specimens examined.—Total 132, all from San Bernardino County as 
follows: Victorville, 2700 ft., 16; 8 mi. SSE Hesperia, 1; 21 mi. SW Trona, 
3050 ft., 8; 6 mi. NE Atolia, 2650 ft., 11; Granite Wells, 3950 ft., 6; 3 mi. 
N Drinkwater Springs, 3; Riggs Wash, 514 mi. NE Silver Lake, 1900 ft., 6; 
A-1 mine, 16 mi. NNE Hinkley, 3180 ft., 5; 4 mi. W Cronise, 1525 ft., 5; 
2 mi. E Cronise, 1175 ft., 2; 33 mi. E Mohave, 4; 22 mi. N Adelanto, 2; 3 mi. 
N Hinkley, 2100 ft., 4; Barstow, 2100 ft., 13; Newberry, 9; Mesquite, 1246 ft., 
1; 18 mi. N Ludlow, 2; Pisgah, 11 mi. W Ludlow, 2130 ft., 6; 214 mi. E 
Ludlow, 1842 ft., 3; Sheep Hole Mts., 2114 mi. S Amboy, 2300 ft., 8; 4 mi. 
N Warren’s Well, 2; Twenty-nine Palms, 2100 ft., 4; Quail Spring, 17 mi. 
E Morongo Valley, 6; Barker’s Reservoir, 10 mi. S Twenty-nine Palms, 5. 


Thomomys bottae providentialis Grinnell 


Thomomys providentialis Grinnell, Univ. California Publ. Zool., vol. 38, p. 1, 
October 17, 1931. Type from Purdy, 4500 feet altitude, 6 mi. southeast of 
New York Mountain, Providence Range, San Bernardino County, California. 
Thomomys bottae providentialis Hall and Davis, Univ. California Publ. Zool., 
vol. 40, p. 400, March 13, 1935. 


Range.—Eastern half of San Bernardino County, exclusive of bottomlands 


along Colorado River. 


Diagnosis ——Color: In winter pelage, grayish brown dorsally, grayish 
ventrally. Size: Small (see measurements). Skull: Zygomata diverging 
posteriorly, weakly developed; rostrum narrow; nasals truncate or emarginate; 
interpterygoid space V-shaped; auditory bullae globular, well inflated; slight 


sexual dimorphism in body measurements or cranial characters. 


Comparisons.—T. b. providentialis differs from T. b. mohavensis as follows: 
Color darker, less buffy and with more gray; body measurements smaller with 
exception of head and body length; all cranial measurements taken smaller, 
with exception of breadth of rostrum, interorbital breadth and length of molar 
series which average smaller but overlap; parietal ridges wider, zygomata weakly 
rather than moderately developed; lacrimals smaller; auditory bullae smaller 
and more globular; incisors more decurved. 


For comparisons with T. b. riparius, T. b. rupestris, and T. 6. centralis see 
accounts of those forms. 


Remarks.—Material collected recently from many localities in San 
Bernardino County makes it possible to outline fairly well the ranges and 
variations present over a fairly large area. The known range of T. b. providentialis 
has been greatly extended. Distinction from T. b. mohavensis, originally obvious, 
has become increasingly difficult in specimens from localities at contiguous parts 
of their respective ranges. Individuals from the western part of the range, at 
lower elevations, are lighter in color, more grayish. Cranially they resemble 
typical providentialis and are but little if any larger. Intergradation is further 
discussed under the account of T. b. mohavensis. 
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Specimens examined.—Total 76, all from San Bernardino County, as 
follows: 2 1/5 mi. E Horse Spring, 3900 ft., 10; Power Line, 5 mi. N Kelso 
Pk., 4000 ft., 5; Pass between Granite and Providence Mts., 4000 ft., 12; 3 mi. 
N Cima, 4500 ft., 7; 2 mi. NNE Cima, 4100 ft., 2; 5 mi. NE Granite Well, 
Providence Mts., 5400 ft., 9; Purdy, 6 mi. NE New York Mt., 4500 ft., 4; 
Jc. Piute Springs and Searchlight Roads, 2130 ft., 3; 4 mi. SW Goffs, 2000 ft., 
4; 1 mi. E, 214 mi. E, and 8 mi. E Mountain Spring, 1 each; 714 mi. NE 
Chubbuck, 2320 ft., 9; Turtle Mts., 12 mi. NE Sablon, 2492 ft., 7. 


Thomomys bottae centralis Hall 


Thomomys perpallidus centralis Hall, Univ. California Publ. Zool., vol. 32, 
p. 445, July 8, 1930. Type from 214 mi. east of Baker (11/4 mi. west of Nevada- 
Utah boundary on 39th parallel), 5700 ft. altitude, White Pine County, 
Nevada. 


Thomomys bottae centralis Hall and Davis, Univ. California Publ. Zool., vol. 
40, p. 396, March 13, 1935. 


Range.—In California, along Colorado River near boundary between 
California and Nevada. 


Diagnosis ——Color: In winter pelage, dark yellowish brown dorsally, light 
grayish brown ventrally. Size: Medium (see measurements). Skull: Zygomata 
parallel; nasals truncate or slightly emarginate at base; rostrum wide; 
interpterygoid space wide (U-shaped). 

Comparisons.—Selected differences from Thomomys bottae providentialis 
are: Color lighter, more buffy; cranial measurements uniformly greater except 
for length of nasals and molar series, which average greater in series; body 
measurements larger but with slight overlap; zygomata parallel as opposed to 
diverging posteriorly; nasals usually truncate rather than emarginate; infraorbital 
foramen small with shallow fossa rather than large with deep fossa; interpterygoid 
space wider and less sharply V-shaped. 


T. b. centralis differs from Thomomys bottae riparius in: Color slightly 
more buffy; body measurements uniformly smaller; nasals usually truncate, 
variable in riparius; infraorbital foramen small with shallow fossa rather than 
large with deep fossa; lacrimals small and globose as opposed to large and 
hamular; interpterygoid space U-shaped, variable in riparius; rostrum broad 
with wide base rather than relatively narrower with base constricted. 


Remarks.—See Hall and Davis (Univ. California Publ. Zool., vol. 40, 
no. 10, p. 396, March 13, 1935) for range within the state of Nevada. The 
occurrence in California is restricted to the bottomlands of the Colorado River. 
As noted by Hall and Davis (op. cit.) specimens from the southern parts of 
Nevada have heavier rostra, relatively wider zygomatic and mastoidal breadths 
and longer molar series than topotypes. In addition the color is brighter and 
more buffy (less gray) and the interpterygoid space is wider. These two 
characters suggest relationship with T. b. riparius found farther south. 


Differentiation from providentialis on the west, appears complete as regards 
coloration, size and cranial features. Intergradation with providentialis may 
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occur in southern Nevada but is not clearly demonstrable on the basis of 
material examined. 
Specimens examined.—Total 5: San Bernardino County, Colorado River, 


500 ft., 214 mi. S California-Nevada line, 5. 


Thomomys bottae rupestris new subspecies 


Type.—Female, adult, skin and skull; no. 84683, Mus. Vert. Zool ; 1131 
ft, 2 mi. E Clemens Well, Riverside County, California; January 1, 1939; 
collected by Annie M. Alexander; original no. 3295. 


Range.—Cottonwood, Orocopia and Chuckwalla mountains in Riverside 
County, and Chocolate Mountains in north central Imperial County, California. 

Diagnosis —Color: Light buffy gray dorsally, face darker, ear patch 
plumbeous; light plumbeous ventrally. Size: Small (see measurements). Skull: 
Zygomata diverging posteriorly, moderately developed; nasals emarginate 
posteriorly, expanded distally; interparietal large; auditory meatus large; 
interpterygoid space broadly V-shaped; auditory bullae moderately inflated; 
parietal ridges slight; skull smooth. 

Comparisons.—T. b. rupestris differs from T. 6. providentialis as follows: 
Color lighter, more buffy dorsally, lighter ventrally with more white on forelegs. 
Tail and hind foot longer; cranial measurements averaging larger. Interparietal 
larger; external auditory meatus larger. Interpterygoid space less sharply 
V-shaped. Auditory bullae slightly more inflated. 

Differences from T. 6. mohavensis include: Color lighter, less buffy 
dorsally. Body and cranial measurements averaging smaller with exception of 
hind foot and length of molar series which are longer. Zygomata less strongly 
developed; interparietal larger; parietal ridges more widely separated but less 
strongly pronounced; interpterygoid space less sharply V-shaped; auditory bullae 
more inflated. 

Manifest differences from T. 6. riparius are: Color slightly darker, less 
yellowish. Total length, weight, basilar length, mastoidal and rostral breadth, 
and depth of skull uniformly smaller in T. b. rupestris; other measurements 
average larger in series in T. b. riparius with exception of length of molar series 
and length of rostrum which average larger in rupestris. Zygomata diverging 
posteriorly rather than parallel as in riparius; interparietal larger, parietal ridges 
less strongly developed; occiput less rugose in rupestris; auditory meatus larger, 
auditory bullae more inflated. 

Differences from T. 6. albatus include: Color darker, with more grayish. 
Body measurements uniformly smaller. Cranial measurements uniformly smaller 
with exception of length of nasals, zygomatic breadth, length of molar series 
and length of rostrum in which slight overlap is present. Skulls can be 
separated readily by the strongly developed zygomata of albatus which diverge 
anteriorly rather than posteriorly. “Truncate nasals and broad rostrum in albatus 
serve as further distinguishing characters. 

Comparisons with T. b. boregoensis and T. 6. perpallidus are made in the 
accounts of those forms. 
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Remarks. —T. b. rupestris is an interesting form in that it serves to fill in 
a large area which until recently was considered to be devoid of pocket gophers. 
Through rupestris there is shown a definite connecting link between such forms 
as mohavensis and perpallidus with riparius found along the Colorado River. 


T. 6. rupestris is a small-sized gopher, probably most closely allied to 
mohavensis, occupying favorable isolated spots in dry washes and rocky flats 
in the rough broken land of central Riverside and north central Imperial 
counties. All specimens were taken in the period between the latter part of 
November and the early part of January in 1938 and 1939, and show only 
slight variation in color of pelage. Specimens from the Chocolate Mountains 
are more buffy in color while those from the northern part of the range are 
darker and show close relation to specimens of mohavensis taken from the 
southwest part of its range. Specimens from 9 mi. NE Beal Well resemble 
T. 6. riparius in color but show little resemblance to it cranially. 


Size and cranial features show only a slight variation throughout the entire 
range. No definite trends are present in any direction, unless perhaps specimens 
from the northwest part of the range show slightly greater resemblance to certain 
outlying specimens of T. b. mohavensis. The single specimen from Mortmar, 
although from about 200 ft. below sea level, resembles topotypes in every 
respect. 

Specimens examined.—Total 41, as follows: From Imperial County: 
Chocolate Mts., 11 mi. NE Niland, 3; Beal Well, 1346 ft., 9; 9 mi. NE Beal 
Well, 1996 ft., 4. From Riverside County: 3 mi. S Cottonwood Spring, 2400 
ft.. 3; 5 mi. SW Shaver Summit, 1600 ft., 6; 3 3 /10 mi. SE Shaver Summit, 
1463 ft., 2; 714 mi. SE Shaver Summit, 1570 ft., 1; 4 mi. SW Desert Center, 
1020 ft., 6; Corn Spring. Chuckwalla Mts., 1573 ft., 2; Aztec Well, Chuckwalla 
Mts., 1903 ft., 2; 2 mi. E Clemens Well, 1131 ft., 8; Clemens Well, 921 ft., 1; 
1 mi. W Clemens Well, 841 ft., 1; 3 mi. W Clemens Well, 541 ft., 1; Mortmar, 1. 


Thomomys bottae riparius Grinnell and Hill 


Thomomys perpallidus riparius Grinnell and Hill, Jour. Mamm., vol. 17, p. 4, 
February 14, 1936. Type from Blythe, Riverside County, California. 


Range.—Palo Verde Valley, vicinity of Blythe, and Ford Dry Lake 2114 
miles west of Blythe, Riverside County, California. 

Diagnosis—Color: In winter pelage, pale yellowish brown dorsally, ear 
patches well marked, blackish; grayish white ventrally. Size: Medium (see 
measurements). Skull: Zygomata parallel, well developed; rostrum wide; nasals 
truncate or slightly emarginate; occiput rugose, parietal ridges well developed; 
interparietal large, U-shaped; lacrimals large; auditory bullae only slightly 
inflated; shape of interpterygoid space variable. 

Comparisons —Selected differences from Thomomys bottae albatus are: 
Color more buffy with less yellowish; zygomata parallel rather than diverging 
anteriorly; nasals posteriorly emarginate rather than truncate; interparietal 
U-shaped rather than V-shaped as in albatus; occiput more rugose; auditory 
bullae less inflated. 
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T. 6. riparius differs from Thomomys bottae providentialis as follows: 
Color lighter, more yellowish dorsally and with more white ventrally; external 
measurements uniformly larger; cranial measurements larger except for zygomatic 
breadth, length of molar series and length of rostrum which average larger in 
series but overlap slightly. Zygomata parallel rather than diverging posteriorly; 
occiput rugose, skull angular, rather than with occiput smooth and skull 
subangular; lacrimals larger; incisors less recurved; inflation of auditory bullae 
less. 


Comparison with T. 6. centralis and T. b. rupestris is made in accounts of 
those forms. 


Remarks.—Specimens collected subsequent to the original series serve to 
extend the known range beyond the Palo Verde Valley westward into the 
Mohave Desert and northward along the Colorado River. Specimens from 
Ford Dry Lake, 2114 mi. W of Blythe are typical in all respects except that 
the pelage is slightly more buffy and the males are uniformly smaller. The 
females are indistinguishable from topotypes. 


Specimens of Thomomys bottae rupestris from 9 mi. NE Beal Well show 
resemblance in coloration to T. b. riparius but are easily separated on the basis 
of size and cranial characters. 


Specimens examined.—Total 24, all from Riverside County as follcws: 
Blythe, 11; Ford Dry Lake, 2114 mi. W Blythe, 12; 13 mi. NE Blythe, 1. 


Thomomys bottae crassus new subspecies 


Type.—Female, adult, skin and skull; no. 90315, Mus. Vert. Zool.;—180 
ft., 114 mi. W Niland, Imperial County, California; January 19, 1940; collected 
by J. Chattin; original no. 352. 


Range——Northern part of Imperial Valley; vicinity of Niland northeast of 
Alamo River, east side of Salton Sea 100 feet or more below sea level in 
Imperial County. 


Diagnosis —Color: In fresh pelage, light yellowish brown dorsally, face 
darker; nasal region plumbeous; whitish ventrally with light plumbeous base 
of hairs apparent on sides; plumbeous subauricular stripe present. Size: Large, 
tail long (see measurements). Skull: Zygomata parallel or diverging anteriorly, 
strongly developed; angle formed by maxillary arm of zygoma with sagittal plane 
almost a right angle; rostrum wide; nasals usually emarginate posteriorly, flaring 
distally; lacrimals large; interparietal longer than broad, usually triangular; 
molar series long; basioccipital wide; auditory bullae only slightly inflated. 


Comparisons—T. 6. crassus differs from Thomomys bottae albatus as 
follows: Color darker, more brownish dorsally, more plumbeous ventrally; length 
of molar series greater; cranial measurements averaging greater with exception of 
interorbital breadth which averages less; angle formed by maxillary arm of zygoma 
with sagittal plane less oblique; general shape of zygomata squarish rather than 
rounded; nasals usually emarginate rather than truncate posteriorly, flaring 
anteriorly rather than parallel sided; infraorbital foramen larger and tending to 
open upward rather than forward; auditory bullae less inflated. 


CHATTIN—DISTRIBUTION OF POCKET GOPHERS 275 


T. 6. crassus differs from T. b. perpallidus in: Color, lighter brown 
dorsally, less plumbeous ventrally; tail and hind foot longer; head and body 
length greater, mastoidal breadth, zygomatic breadth and basilar length actually 
uniformly larger; interparietal triangular rather than U-shaped; nasals expanded 
distally; interpterygoid notch less sharply V-shaped; auditory bullae less inflated. 


Compared with topotypes of Thomomys bottae rupestris, T. b. crassus 
differs in being lighter colored, less grayish; all external and cranial 
measurements taken uniformly greater except interorbital breadth which averages 
the same; zygomata parallel or diverging anteriorly rather than posteriorly, 
strongly rather than weakly developed; interparietal smaller, and triangular rather 
than U-shaped; auditory bullae less inflated. 


Remarks. —T. b. crassus is a large light colored pocket gopher occupying a 
relatively small area along the east side of Salton Sea. Unquestionably its 
closest relationship is with T. 6. albatus as evidenced by the light colored pe'age, 
large size and heavy skull common to both forms. Contiguity of range likewise 
suggests close relationship between the two races. 

Specimens of T. 6. rupestris from the nearest localities (1346 ft., Beal 
Well, and Chocolate Mts. 11 mi. NW Niland) differ markedly from specimens 
of T. b. crassus. Color, size, and cranial characters show little if any relation 
and little or no evidence of intergradation is present. 


That intergradation with albatus occurs is evidenced by specimens from 
Salt Creek, some of which possess zygomata approaching the shape of those 
of albatus. Series of other specimens of crassus are more uniform in character, 
showing distinct typical cranial characters but with pelage in some specimens 
resembling closely that of certain specimens of albatus. 


Specimens examined.—Total 37, all from Imperial County, as follows: 
> mi. SW Niland, —212 fe, 14; Salt Creek, 8; 114 mi. E Niland, -124 fr., 3; 
11, mi. W Niland, -180 ft., 12. 


Thomomys bottae boregoensis Huey 


Thomomys bottae boregoensis Huey, Trans. San Diego Soc. Nat. Hist., vol. 9, 
p. 70, December 8, 1939. Type from Beatty Ranch, Borego Valley, San Diego 
County, California. 


Thomomys bottae aderrans Huey, Trans. San Diego Soc. Nat. Hist., vol. 9, 
p- 71, December 8, 1939. Type from Carrizo Creek, San Diego County, 
California. 


Range.—Southern part of Coachella Valley in Riverside County; western 
quarter of Imperial County, along southwest side of Salton Sea southward at 
least to vicinity of Coyote Well; also Borego Valley and vicinity of Carrizo 
Creek in San Diego County. 

Diagnosis —Color: In winter pelage, light yellowish brown dorsally, grayish 
white ventrally with plumbeous bases of hairs showing through. Size: Medium 
(see measurements). Skull: Zygomata strongly developed, diverging anteriorly; 
angle formed by maxillary arm of zygoma with sagittal axis of skull obtuse; 
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rostrum broad; nasals emarginate posteriorly, usually expanding distally, 
interparietal usually triangular, variable; interpterygoid space variable in shape; 
auditory bullae slightly to moderately inflated. 


Comparisons —T. 6. boregoensis differs from T. b. perpallidus as follows: 
Color lighter with less brownish; length of hind foot, zygomatic breadth, and 
length of molar series greater, other measurements usually averaging greater in 
boregoensis with exception of length of tail, and length of nasals which average 
greater in perpallidus. Cranial characters separating the two forms include: 
Zygomata diverging anteriorly, strongly developed, rather than parallel and 
moderately developed in per pallidus; rostrum heavy, unconstricted at base, rather 
than constricted in region of premaxillary-maxillary suture as in perpallidus; 
interparietal triangular or variable in boregoensis; U-shaped in perpallidus; 
interpterygoid space variable in shape, not sharply V-shaped as in perpallidus. 
Auditory bullae slightly less inflated. 


Differences from T. b. rupestris include: Color darker with brown dominant 
as opposed to grayish. External and cranial measurements greater in boregoensis 
usually with little or no overlap. Skulls are readily separated by marked 
differences in shape and development of zygomata, being much more strongly 
developed in boregoensis and diverging anteriorly rather than diverging posteriorly 
as in rupestris. Auditory bullae less inflated in boregoensis. 


Compared with Thomomys bottae albatus, T. b. boregoensis differs in: 
Color darker, more buffy. External and cranial measurements similar, zygomatic 
breadth and length of molar series usually actually and relatively greater. Ratio 
of length of tail to head and body length greater in boregoensis. Cranial 
characters in which boregoensis differs from albatus include: Zygomata usually 
slightly heavier and wider spreading; nasals emarginate posteriorly rather than 
truncate posteriorly as in albatus. Basioccipital usually wider in boregoensis 
than albatus. 


Remarks —Examination of specimens of Thomomys in the Museum of 
Vertebrate Zoology from the desert slopes of San Diego County and the 
western part of Imperial County, and the specimens (holotypes excepted) 
recently described by Huey (Trans. San Diego Soc. Nat. Hist., vol. 9, pp. 
70 and 71, December 8, 1939) indicate that the name Thomomys bottae aderrans 
Huey should be synonymized under the name Thomomys bottae borecoensis 
Huey, which has page priority. 

Evidence in support of this conclusion is as follows: Comparison of skins 
of specimens taken in January and February shows that there is complete 
overlapping in coloration between the two populations separately named by Huey. 
Comparison of measurements shows that there is only a slight difference in 
external and cranial measurements, and that overlapping occurs in every 
measurement except the zygomatic breadth in females; this difference seems 
insufficient to justify racial separation of the two lots of specimens. Cranial 
characters listed by Huey (op. cit.) as differentiating boregoensis from aderrans 
included, (a) rostrum longer and more attenuated, (b) anterior portion of the 
brain case narrower, particularly in the region of the frontal, (c) more widely 
spreading zygomatic arches, (d) auditory bullae less inflated in boregoensis. 
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Considered in the above order one finds that differences in averages of length 
of rostrum in adult males and females amount to 0.2 and 0.5 millimeters 
respectively. It will be noted in the table of measurements that while the averages 
are greater, the extremes are smaller in specimens of boregoensis. Breadth of 
rostrum relative to length of rostrum is greater in female specimens of boregoensis 
but the reverse is true of male specimens. 


With regard to the anterior portion of the brain case being narrower in 
boregoensis the measurements of interorbital breadth are used as being most 
indicative of this condition. Here it will be seen that the average is greater for 
females and less for males in boregoensis when compared with aderrans, also <hat 
overlapping is present between specimens from the two localities. 


The more widely spreading zygomatic arches in bore goensis holds for 
female specimens only in measurement of zygomatic breadth. Relative differences 
expressed as per cent of basilar length are too small to be of any great significance. 


Inflation of the auditory bullae is usually greater in specimens from Carrizo 
Creek but the great variability in this character precludes its use for identifying 
individual specimens. 

Thus it seems best after considering all available evidence to recognize a 
more or less homogeneous group of specimens from the eastern slope of the 
mountains in eastern San Diego and western Imperial counties as constituting 
a single race, T. b. boregoensis. This race at its northern extension is contiguous 
with that of T. 6. perpallidus, at which point rather abrupt changes in cranial 
characters occur. The shape and size of the zygomatic arches and rostrum change 
abruptly with little evidence of intergradation; the transition in color, however, 
is gradual as approach is made to the range of perpallidus. External measurements 
show a trend from north to south, namely a decrease in length of tail and 


increase in length of head and body and length of hind foot. 


The race albatus occurs to the eastward in the irrigated portions of the 
Imperial Valley. Cranially the relationship to albatus appears fairly close with 
regard to general appearance of the skull. Separation of boregoensis from 
albatus can be made in most instances upon the basis of greater length of molar 
series and posteriorly emarginate nasals in boregoensis. Color also is darker and 
more buffy in boregoensis, although slight overlapping may occur. 


Although boregoensis may have a discontinuous distribution as is suggested 
by the localities of occurrence now known, intensive search for these animals 
similar to that made by Miss Alexander and Miss Kellogg in the Mohave and 
Colorado deserts for other races, may show that boregoensis has a fairly continuous 
range. 

at pecimens examined.—Total 74 as follows: From San Diego County: 
Carrizo Creek, 20 (16 San Diego Soc. Nat. Hist.); Borego Spring, Borego 
Valley, 3 (San Diego Soc. Nat. Hist.); Palm Canyon, Borego Valley, 10 (3 
San Diego Soc. Nat. Hist.) ; east side San Felipe Narrows, 6 (San Diego Soc. 
Nat. Hist.). From Imperial County: Harper’s Well, 11 (San Diego Soc. 
Nat. Hist.) ; Fish Springs, 6 (2 San Diego Soc. Nat. Hist.) ; Palm Wash, near 
Truckhaven, 5; Coyote Well, 4. From Riverside County: Mecca, 4; 2 mi. N 
Oasis near Thermal, 2; Valerie (Bendel’s Corner), 100 ft., 3. 
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Thomomys bottae albatus Grinnell 


Thomomys albatus Grinnell, Univ. California Publ. Zool., vol. 10, p. 172, June 
7, 1912. Type from California side of the lower Colorado River at the old 
Hanlon Ranch, near Pilot Knob, Imperial County, California. 

Thomomys bottae albatus, Goldman, Proc. Biol. Soc. Washington, vol. 8, p. 
153, October 31, 1935. 


Range.—In California, Colorado River bottomlands and irrigated tracts 
from Laguna Dam southward to International Boundary, and throughout major 
portion of irrigated land in the Imperial Valley. 

Diagnosis—Color: Pale cream buff above, face darker; lower surface 
whitish, hairs of dorsal and ventral surfaces plumbeous at base. Size: Medium 
(see measurements). Skull: Zygomata strongly developed, diverging anteriorly; 
angle formed by maxillary arm of zygoma with sagittal axis of skull obtuse; 
rostrum broad; nasals truncate posteriorly, with sides parallel; interparietal 
triangular in shape; interpterygoid space U-shaped; auditory bullae but slightly 
inflated. 

Comparisons.—See accounts of T. b. boregoensis, T. b. riparius and T. 6. 
crassus for comparisons with T. b. albatus. 

Remarks.—With the material now available it becomes necessary to restrict 
the range of T. b. albatus as given by Grinnell and Hill (Jour. Mamm., vol. 17, 
p. 2, February 14, 1936), to the region along the Colorado River and the 
irrigated part of Imperial Valley (exclusive of the northeastern part) into which 
place T. b. albatus has spread as a result of agricultural reclamation and 
irrigation projects. 

The relation of T. 6. albatus to adjoining forms is treated under accounts 
of T. b. boregoensis and T. b. crassus. 

Comparisons of the type specimen of T. 6. albatus with others from the 
entire range reveals that the type specimen possesses more angular zygomata 
than is characteristic of other California specimens of albatus. This character, 
however, appears more often in specimens from Lower California, Mexico. 
Typical albatus from California thus conform to characters listed in the 
Diagnosis. , 

Specimens examined.—Total 48, all from Imperial County as follows: 3 mi. 
N Bard, 10; 150 ft., 2 mi. SW Potholes, 9; Colorado River near Pilot Knob, 8; 
Alamo Duck Preserve, 8 mi. NW Calipatria, 2; -109 ft., Brawley, 6; 0 ft., 3 mi. 
E Holtville, 6; Kane Springs, 1; 122 ft., 12 mi. SE Holtville, 4; 122 ft., 12 mi. 
E Holtville, 2. 


Transmitted May 25, 1940. 
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EXPLANATION OF CRANIAL MEASUREMENTS 


Basilar length (of Hensel), from a transverse line touching posterior 
margins of alveoli of incisor teeth to a point at middle of inferior lip 
of foramen magnum. 


Length of nasals, from a transverse line touching anterior ends to 
another parallel line touching posterior tips. 


Zygomatic breadth, greatest dimension, at right angles to long axis 
of skull, across zygomatic arches; outside surface of one to outside 
surface of other. 


Mastoidal breadth, greatest transverse dimension of skull across 
mastoidal processes. 


Breadth of rostrum, greatest transverse dimension of rostrum anterior 
to zygomatic arms of maxillae. 


Interorbital breadth, breadth of cranium across frontals at narrowest 
place above orbits. 


Length of molar series, from posterior margin of alveolus of last 
molar to anterior margin of alveolus of premolar. 


Depth of skull, least vertical distance between lower (outer) surface 
of palate between the molar teeth to the top of the cranium in the midline. 


Length of rostrum, from lateral union of hamulus of lacrimal with 
maxilla to median distal end of nasals. 


EXPLANATION OF EXTERNAL MEASUREMENTS 


Head and body length, obtained by subtracting length of tail from 
total length. 


Total length, on unskinned body stretched out to its full length, 


from tip of nose pad to tip of tail exclusive of hairs. 


Length of tail, from a central point in sharp curve on upper side at 
base where tail can be bent at right angles to back, to tip of tail exclusive 
of hairs. 


Length of hind foot, with sole flat, at right angles to leg, from 
hindermost surface of heel to tip of longest claw. 
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A NEW CHUCKWALLA FROM SANTA CATALINA 
ISLAND, GULF OF CALIFORNIA, MEXICO 


BY 


CuHar.es E. SHAw 
San Diego Society of Natural History 


In connection with a study of the genus Sauromalus I have recently 
examined three chuckwallas from Santa Catalina Island, Gulf of 
California, Mexico, which, although closely related to S. slevini of 
Monserrate, Carmen, and Los Coronados Islands, also in the Gulf of 
California, are sufficiently distinct from that form to warrant description. 
I therefore describe this new form as 


Sauromalus klauberi sp. nov. 


SANTA CATALINA ISLAND CHUCKWALLA 


Type Specimen.—No. 6859, an adult male in the collection of L. M. 
Klauber. Collected on Santa Catalina Island, Gulf of California, Mexico, 
December 14, 1931, by J. R. Pemberton. Two paratypes, LMK 6860-61, with 
the same data as the type specimen, are also available. 


Diagnosis—A medium sized chuckwalla intermediate in scalation between 
S. slevini and S. ater, but differing from both in having the body spotted rather 
than transversely banded across the back. Klauberi may also be distinguished by 
its large, spinose, nuchal scales irregularly disposed among those of much smaller 
size, and by the presence between the shoulders of enlarged, strongly spinose, 
scales which border each side of the median band of enlarged dorsal scales. In 
general the scalation is finer than that of slevini with a consequent increase in the 
number of ventral scale rows between the anus and the gular fold. 


Description of the Type.—Form stout; the head and body much depressed 


+. 
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and the latter very broad with a strong lateral fold. The head is relatively short, 
wider than long, slightly concave across the top and sloping gently toward the 
snout. On top, the head is covered with small convex plates, largest on the frontal 
and parietal regions and becoming tubercular and subconical in the latter area. 
Supraoculars and superciliaries small and non-imbricate. The nostrils open 
upward and outward in a single rounded plate much nearer the tip of the snout 
than the orbit. The rostral is vertically divided into four scales of equal size and 
shape. The supralabials are small and subequal, the anterior third being higher 
than wide, the others wider than high. The suboculars are short and strongly 
keeled and, following the contour of the orbit, pass upward and backward to a 
point just below and slightly behind the posterior border of the eye. This line 
of suboculars is continued to the anterior border of the ear opening by four 
tubercular and subconical scales. The ear opening is large and nearly vertical, 
with an anterior denticulation consisting of two adjacent strongly spinose scales 
bordered by two much smaller scales of the same shape. Immediately behind the 
ear opening is a prominent neck fold bearing numerous large, subconical, spinose 
scales interspersed with smaller scales of the same shape. The infralabials are 
small and about equal in size. The mental is subtriangular and longer than wide. 
Below the infralabials are several series of sublabials which grade gradually into 
the very small and feebly spinose gulars. There is a prominent gular fold. 


The nuchal scales are irregular in size, there being large, subconical, spinose 
scales scattered among much smaller scales of the same shape. The largest nuchals 
are somewhat smaller than the largest scales of the postauricular fold. Above the 
shoulder is a group of enlarged, spinose scales. Dorsally there is a median band 
of nearly square scales, ranging in width from about 12 scales between the 
shoulders to about 18 a short distance anterior to the insertion of the hind limbs. 
Posteriorly these have a weak spine formed by the slight projection of one corner 
of the scale. Anteriorly, between the shoulders, the median scales are somewhat 
larger and bordered on each side by enlarged and strongly spinose scales. There 
are 26 scales in a head length at the center of the body. Laterally the scales are 
much reduced in size, imbricate, nearly square, and spinose, becoming larger on the 
prominent lateral fold. The ventral scales are somewhat smaller than the median 
dorsals, square, imbricate, and feebly spinose. There are 131 rows of scales from 


the anus to the gular fold. 


Above, the scales of the arms are large, spinose and feebly keeled; below, 
spinose and greatly reduced in size. The upper part of the hind limb is covered 
with smooth and keeled spinose scales, smallest below. On the lower part of the 
hind limb the scalation is coarser, obtusely spinose and strongly keeled. The 
femoral pores are prominent and number 14-16. 


The tail is depressed at its base and bears numerous whorls of square scales 
which are strongly spinose everywhere except at the base where dorsally and 
ventrally they are only feebly spinose. There are 44 scales in a single whorl at the 
thickest part of the tail. 


Owing to the fact that this specimen was probably preserved in formalin at 
the time of its capture the coloration is much darker than would be expected in a 


SHAwW—NeEw CHUCKWALLA FROM MExico 287 


living specimen. The ground color above is dark brown becoming nearly black 
on the head. Dorsally the body is spotted with dark brown. The ground color 
of the gular region and the belly is grayish white, the gular region being spotted 
with brown. The chest is longitudinally streaked with reddish brown and the 
belly is immaculate except laterally, where brown spots are faintly in evidence. 
Above, the tail is greenish gray with scattered scales of dark brown; below, 
yellowish brown for about one-half its length, then becoming brownish gray to 
the tip. Near the base of the tail some of the scales are edged anteriorly with 
yellow. 


Measurements of the Type—Total length, 273; length of body from tip of 
snout to anus, 154; tail length, 119 (incomplete) ; width of head, 33; length of 
head from rostral to anterior edge of ear opening, 30.8; length of hind leg, 95.7. 


(All measurements in millimeters.) 


Variations in the Paratypes——Both paratypes agree essentially in characters 
of scalation with the type. However, LMK 6861, a juvenile male 205 mm. in 
length, shows more clearly the distinctive markings of klauberi. The top of the 
head is dark brown, becoming lighter on the sides. The supralabials and the rostral 
are yellow, edged with dark gray above. The infralabials and the sublabials are 
yellowish. Immediately before the ear opening there is a dark gray spot. The 
postauricular spines and some of the nuchals are tipped with yellow. The gular 
region is irregularly streaked with brown and dotted with yellow. The reddish 
brown longitudinal streaks on the chest, so prominent in the other specimens, are 
only very faintly in evidence. The ground color of the back is dark gray, except 
medianly, where it is considerably lighter. Medianly there are small, red-brown 
irregularly scattered spots which become darker brown laterally. The limbs are 
dark gray and spotted with reddish brown. The ground color of the tail is also 
gray and near its base is spotted with yellow. 


Remarks.—Klauberi is undoubtedly more closely related to slevini than to 
any other species of the genus, but this is to be expected in view of the geographical 
position of Santa Catalina Island. The scalation is, however, finer than that of 
slevini and in this respect klauberi shows an approach to ater, which inhabits the 
islands to the south of Santa Catalina. 


In slevini the transverse body bands, quite prominent in the juveniles, tend 
to become less evident with increasing age until only traces of these markings are 
apparent in adults. No specimens of slevini were examined which completely 
lacked body bands, but two juveniles possessed only two of these markings, the 
remainder of the back being sprinkled with large brown spots. 


Some of the differences between the three forms which occupy the islands 
in the Gulf of California off the eastern coast of the peninsula from the vicinity 
of Loreto south to La Paz are shown as follows: ! 


1Based on 3 specimens of klauberi, 17 slevini and 10 ater. The central figure indicates 
the average, the other figures the extremes. 
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slevini klauberi ater 
Ventral scale rows 
from gular fold to anus. 107-115-123 128-130-132 130-137-142 
Number of scales in a 
single whorl around the 
thickest part of the tail. 37-40-43 43-44-45 52-57-64 
Number of 
transverse body bands 2 to4 None 4 or 52 


Klauberi, like the other species of the genus, is herbivorous. Material taken 
from the large intestine of the three specimens has been kindly identified by Mr. 
F. F. Gander of the San Diego Natural History Museum as follows: leaflets of 
Cercidium floridum; fruits of Euphorbia sp.; parts of a spikelet of Festuca sp.; 
and leaves of Acacia greggii. The large intestine of the type specimen contained 
14 unidentifiable hard-shelled seeds somewhat resmbling a pifion nut in shape but 
smaller. 


The large intestine of each of the three specimens also contained a large 
number of nematodes, which, according to Dr. L. R. Penner of the Research 
Hospital of the San Diego Zoo, represent two or more new species of the genus 
Alaeuris. 


2Usually four, but in juveniles there is a band on the neck which is lacking in the older 
specimens. 
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THE LONG-NOSED SNAKES OF THE 
GENUS RHINOCHEILUS 
BY 


LaurRENCE M. KLAUBER 
Curator of Reptiles and Amphibians, San Diego Society of Natural History 


28<4G ie, 


OCT 6 194] 
INTRODUCTION ean ng 
Lisnant 


The long-nosed snakes, or, as they are sometimes quite as 
appropriately called, the sharp-nosed snakes, belonging to the genus 
Rhinocheilus are nocturnal snakes found in the western United States 
and northern Mexico. While they are moderately common in many 
regions, their secretive habits had prevented the acquisition of large 
series for study until the advent of new methods of collecting, especially 
by cruising in an auto on desert roads at night. Adequate series are now 
available from several areas and it therefore appears desirable to sum- 
marize our present knowledge of the genus, to determine the validity of 
the forms hitherto proposed, and whether additional species or subspecies 
may be recognized. 


HistTorIcAL SUMMARY 


The following forms have been described: 


Rhinocheilus lecontei Baird and Girard, 1853, Catalogue of North American 
Reptiles, Part I, Serpents, p. 120. Type locality: San Diego, California. Type 
specimen: MCZ 137. 


Rhinocheilus lecontei var. tessellatus Garman, 1883, Memoirs of the 
Museum of Comparative Zoology, Vol. 8, No. 3, p. 74. Type locality: 
Monclova, Coahuila, Mexico. Type specimen: MCZ 4577. Distinguishing 


characteristic: low ventral scale count. 


Rhinocheilus antonii Dugés, 1886, Proceedings of the American Philo- 
sophical Society, p. 290. Type locality: San Blas near Mazatlan, Sinaloa, 
Mexico. Type specimen in Museo Alfredo Dugés, Guanajuato, Mexico. 
Distinguishing characteristic as reported by describer: 17 dorsal scale rows. 


Rhinocheilus thominotti Bocourt, 1887, Le Naturaliste, Ser. 2, Vol. 1, p. 45. 
Type locality: Venezuela. Type specimen: No. 6615, Museum National 
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d'Histoire Naturelle, Paris. Distinguishing characteristics: long tail and high 
caudal scale count. 


Thus four species and subspecies have been described, but, as far as the 
genus Khinocheilus is concerned, we need consider only three. I have communi- 
cated with Mr. F. Angel, concerning some of the characters of the last named 
form, thominoti. He states that Mocquard had made an entry in the catalogue 
of the Paris collection to the effect that he considered the type to be a specimen 
of Scytale coronatum (which species is now known as Pseudoboa coronata). He 
himself has carefully re-examined it, made comparisons with other material, and 
finds it to be a juvenile specimen of Pseudoboa neuwiedii. As far as I am aware, 
no specimen of the supposed R. thominotii except the type has ever been reported 
ot collected. R. thominotii may therefore be considered a synonym of P. 
neuwiedi and need receive no further consideration. Pseudoboa is a genus 
differing from Rhinocheilus in its possession of grooved maxillary fangs. 


PRELIMINARY SURVEY OF VARIATION 


Rhinocheilus comprises a genus notably constant in lepidosis and variable 
in pattern. Amongst the Nearctic colubrids it is unique in having the majority 
of the subcaudal plates undivided. The pattern is remarkable for a peculiar and 
rather characteristic inversion of colors. The most widely distributed of the 
subspecies (lecontei) is primarily a ringed snake with alternating red and black 
rings upon a cream ground-color; but laterally the centers of the black scales are 
usually red or cream, while the centers of the red or cream scales are black. 
Not only is a taxonomic study of the genus complicated by the pattern variability, 
but there is also an ontogenetic change in pattern, for the lateral areas are lighter 
and less punctated in the young. The red patches or blotches, characteristic 
of the snakes of some regions, fade quickly, even with careful preserving; this 
is especially true of the young, and must be kept in mind to avoid confusion 
in diagnosis. Sometimes the lateral dark spots also disappear in preservative. 


In beginning the survey of a genus I find it always desirable to make two 
determinations with respect to the largest homogeneous series which may be 
available from any restricted locality: first, the extent to which sexual dimorphism 
affects the characters which are to be used in classification; and, secondly, the 
degree of variation exhibited by the snakes of a single region. If these initial 
determinations are not made, conclusions may be quite erroneous by reason of 
the chance composition of the samples—the particular specimens—available to 
us. For example, we may find significant differences between the average ventral 
scale counts of the snakes of two areas; but it may happen that most of the 
specimens from one region are females, while from the other they are predomi- 
nantly males. Obviously under such circumstances average differences are to 
be expected if the genus is sexually dimorphic in ventrals; but this is merely a 
proof of sexual dimorphism and not of regional differentiation. This consideration 
is sometimes neglected in studies even today, no statement being made either 
as to the sexual composition of the samples, or whether sex differences are 
important. 
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As to the second point, determining the extent of variation in one locality 
is advisable in order to have some idea of the plasticity of the characters to be 
studied. Unless this be done it is difficult or impossible to tell whether observed 


differences are regional (and therefore possibly subspecific) or only individual. 


In large genera it is preferable to make determinations of this kind in several 
species, for characters may be found to vary differently, although there is generally 
a trend toward uniformity in the nature of character dispersion within a genus. 


In Rhinocheilus we have available for study a series of specimens from 
coastal San Diego County, an area including and adjacent to the type locality 
of lecontei. This comprises some 37 males and 25 females. The statistics with 
respect to possible sexual dimorphism are shown in the following table: 


Body Tail 
Ventrals Subcaudals Blotches Spots 
Mean, males 207.05 51.61 31.44 11.28 
Mean, females 203.60 45.41 28.60 10.09 
Difference 3.45 6.20 2.84 E19 
Significance of 
difference, P .0001— .000001— 0011 .019 
Coefficient of 
divergence, % 1.68 1.28 9.46 1 eB 


In explanation of the calculations leading to the determination of the 
significance and coefficient of divergence it should be stated that the first was 
calculated by the method of pooling and the t-test. The value of P sets forth 
the chance that the observed difference might have resulted from a mere accident 
of sampling, rather than a real difference between the sexes. It will be observed 
that the results are much below one chance in a hundred in all characteristics 
except the tail spots, and in this case the probability that the discrepancy is due 
to chance is only 2 in a hundred. The coefficient of divergence is a measure of 
the extent of the difference, independent of its significance, and is defined as 
the difference between the means divided by the mean of the means, expressed 
as a percentage. 


These results indicate that sexual dimorphism is present in all four characters 
in this homogeneous series of specimens. It is most significant in the scale counts, 
and least in pattern, yet its extent is greater in the latter. This seeming 
inconsistency is, of course, due to the wider dispersions of the pattern characters, 
as indicated by the coefficients of variation subsequently set forth. 


These sex differences are found to be consistent throughout the genus. It 
is worthy of note that the males exceed the females in ventral scutes, a condition 
opposite to that obtaining in most colubrids. Also, the adult males are found to 
be larger than the females, which is likewise unusual; these two peculiar traits 
may be correlated. 


I have been unable to find any other sexually dimorphic character in the 
genus, except, of course, the proportionate tail length. Some genera have sex 
differences in the average number of dorsal scale rows but this condition is not 
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evident in Rhinocheilus. 


We come now to the preliminary study of the dispersion in these same 
characters. It is to be remembered that these statistics are based on 37 males and 
25 females: 


Males Females 
Ventrals, range 202-213 198-211 
interquartile range 204.9-209.2 201.1-206.1 
mean 207.05 =+.53 203.60=.74 
coefficient of 
variation, % 1.56+.06 1.82+.08 
Subcaudals, range 49-58 43-51 
interquartile range 50.1-53.1 43.9-46.9 
mean 51.61.42 45.41+.49 
coefficient of 
variation, % 4.26+.18 5.02 +.24 
Body blotches, range 25-38* 24-37 
interquartile range 29.3-33.6 26 3-30.9 
mean 31.44=.53 28.60= .67 
coefficient of 
variation, % 10.24+.39 11.77+.53 
Tail spots, range 8-16 8-15 
interquartile range 1031-125 9.0-11.2 
mean UR2S==355 10.09.36 
coefficient of 
variation, % 15.90+.68 16.74+.87 


Thus we find in this genus that the coefficient of variation of the ventrals 
is somewhat below 2 per cent and of the subcaudals about 5 per cent. The 
variations in pattern are much higher—10 to 12 per cent in the body blotches 
and 15 to 17 per cent in the tail spots. These results are consistent with those 
found in other colubrid genera such as Lampropeltis, Phyllorhynchus, and 
Trimorphodon, provided the specimens tested are from a restricted locality rather 
than from a widespread region. If they are not so restricted the coefficients are 


likely to be higher. 


These dispersions once more indicate the stability of ventral scale counts 
and the greater plasticity of pattern. Although sexual dimorphism has been 
shown to be present in the numbers of body blotches and tail spots I found that 
the differences, which are not great, would introduce too much complication 
into the discussion of subspecific segregations, therefore I have not subsequently 
differentiated the sexes in these characters. I should merely point out that the 
overlap between subspecies would be somewhat less if the sexes were separated. 


Rhinocheilus is a genus in which accurate sexing, particularly in the juveniles, 


* Omitting one freak specimen with 48. The use of the sign = in this table indicates that 
the following figure is the standard, not the probable, error. 
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is often difficult. Neither the tail ratio nor the number of subcaudals is a certain 
ctiterion, since there is some overlapping. If any errors have been made in sexing, 
the effect will have been to increase the coefficients of variation (and to decrease 
the coefficients of sexual divergence) below their true values in the statistics 
subsequently presented. 


Other characters besides those given, that is, scale rows, labials, oculars, 
etc., do not have the type of variation in this genus that lend themselves to a 
statistical study involving mean differences; the significance of differences may 
be ascertained by an Rx2 test. 


Another Rhinocheilus peculiarity, besides the undivided subcaudals, larger 
males, higher number of ventrals in males, and the pattern inversion, is the 
variability of the apical scale pits, which may number one in some scale rows and 
two in others, or may, in fact, vary within a single row. 


TAXONOMIC SURVEY 


It will be recalled that two species (three subspecies) have been described: 


R. lecontei from coastal southern California. 
R. |. tessellatus from northeastern Mexico. 
R. antonit from the west coast of Mexico. 


Taking as a basis the variability data, hitherto set forth for a homogeneous 
series of lecontei from near the type locality, I find that tessellatus may be given 
subspecific recognition on several differences from lecontei, among which may 
be mentioned a differently shaped snout, fewer ventrals, and a relatively longer 
tail. 

Antonii is likewise a valid subspecies, although not differentiated by the 
character (number of dorsal scale rows) which was emphasized in the original 
description. Other specimens more recently collected in the same area have failed 
to check with the type in this character; this was given by Duges as 17 for the 
type of antonii, while the later acquisitions have 23. I had suspected that the 
original description was in error and now this is definitely known to be the case; 
fortunately the type has been studied by Dr. Hobart M. Smith, and he has 
kindly supplied me with the results of his inspection, showing the scale rows to 
be 23 instead of 17. But while this character fails, the pattern of antonii is quite 
distinctive from that of either lecontei or tessellatus, there being fewer and 
relatively longer body blotches, and there are other differences as well, so that 
it remains valid. However, there is intergradation with the adjacent form to 
the north and thus antonii must be reduced to subspecific status. 


In addition to these three subspecies already described, I find the recognition 
of a fourth, from the deserts of the southwest, to be warranted. All four exhibit 
intergrading series with at least one of the others; hence, as far as is now known, 
the genus is monotypic. 


Altogether about 400 specimens have been available for study. Since the 
descriptions of the several forms will tend to clarify the conclusions, the 
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descriptions are given next, followed by a summary of subspecific differences 
and relationships. 


Rhinocheilus lecontei lecontei Baird and Girard 


WESTERN LONG-NOSED SNAKE 
Plate 12, fig. 1. 


1853. Rhinocheilus Lecontei Baird and Girard, Cat. North Am. Rept., Part 1, 
Serp., p. 120. Type specimen: MCZ 137. Type locality: San Diego, 
California. 

1859. Rhinocheilus lecontii Baird, Pac. R. R. Surv., Vol. 10, p. 15. 

1866. Rhinochilus lecontei Cope, Proc. Acad. Nat. Sci. Phila., Vol. 18, p. 304. 


1883. Rhinochilus leconteii (part) Yarrow, Bull. U. S. Nat. Mus. No. 24, pp. 
14 and 88. 


Diagnosis.—A subspecies characterized by a high number of dorsal blotches 
and much spotting of the lateral areas, which characters of pattern segregate this 


form from both antonii and clarus. It has a blunter and less up-tilted snout than 
tessellatus. 


Range.—California from Mendocino and Lassen counties south; northern 


Lower California, southwestern Idaho, Nevada, southwestern Utah, southern 


and western Arizona. Replaced by clarus in certain desert areas in southern 
California and western Arizona. 


Material —The survey of this subspecies is premised on material distributed 
as follows: 


Lower California 5) 
California 160 
Nevada 8 
Utah 6 
Idaho 1 
Arizona 55 

Total 235 


Redescription of Type Specimen—MCZ 137, from San Diego, California. 
A young adult male with an incomplete tail. There are 23 dorsal scale rows 
at mid-body; 205 ventrals; 40 (incomplete count) subcaudals, all entire. The 
anal is undivided. The supralabials are 8-8 and the infralabials 9-9. The nasals 
are 2-2, loreals 1-1, preoculars 1-1, postoculars 2-2, temporals 2+3. The length 
over-all is 533 mm. and the incomplete tail 63 mm. There are 26 body blotches 
and 6 on the tail. The main black blotches are of solid black on the dorsum, 
with lateral triangular extensions down the sides. There are smaller secondary 
black blotches interspersed between the primaries on the sides. The primaries 
touch the ventrals. Laterally the dark scales of the main blotches have light 
centers. In the interspaces there are many brown centered scales, particularly 


on the sides; these spots were probably black in life. The dark dorsal blotches 
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slightly exceed the interspaces in longitudinal extent. The red of the interspaces 
(mentioned in the original description) has now disappeared. The type, in all 
important characters, is fairly representative of the species as found in the vicinity 


of San Diego. 


Morphology.—The body is of normal colubrid proportions, neither racer- 
like nor heavy bodied. The tail is relatively short. The head is only slightly 
distinct from the neck, with the temporal regions a little widened. Viewed from 
above the head is wedge-shaped, but it is rounded, not pointed, at the rostral. 
In profile the snout is considerably more pointed, the rostral being rather sharp, 
with the lower jaw short and deeply inset. The prefrontal-internasal line is 
straight or convex. The eyes are neither large nor protuberant. The diameter 
of the eye is about 60 per cent of the distance from the orbit to the nostril. The 
pupil is round; the iris in life is brown or red-brown. The tongue is black with 
light tips. The longest specimen at hand measures 892 mm.; the tail is incomplete 
so that without doubt this subspecies reaches a length of at least 900 mm. The 
longest specimens are males; thus 14 males of this subspecies exceeding 800 mm. 
are at hand, but the longest female is only 755 mm. Young specimens just 
hatched measure about 210 to 220 mm.; the smallest is 202 mm. 


The tail length of the males averages about 14 per cent of the length 
over-all; the range is from 13.2 to 14.9 per cent. There is no evidence of a change 
in the tail-length ratio with age, as is the case in some colubrid genera. The 
females average 13 per cent; nearly all fall between 12.1 and 14.0 per cent. Thus 
there is some overlapping, and the tail-length ratio cannot be used to segregate 
the sexes. 


The head length in adults is about 2.7 to 2.9 per cent of the body length 


over-all. 


Scutellation—The body is covered with smooth and imbricate scales with 
rounded posterior tips. Apical scale pits seem to be irregular, being sometimes 
present, sometimes absent. When present there are usually two on the lowest 
two lateral rows, and one on the others. But in one specimen there are two 
on some scales and one on others of a single row (the fourth). There are usually 
23 scale rows at mid-body, only a few specimens (2 per cent) having 25; rarely 
a specimen is found with 22 or 24. On the neck the rows often number 25 
even though there are only 23 at mid-body. Anterior to the vent they reduce to 
19 or, rarely, to 17. The reduction from 25 (when present) proceeds in accord- 
ance with the following formula 25-V-23-VI-21-V-19. Occasionally the VI row 
is dropped between 25 and 23. 


The data on the ventrals are as follows: Males (127 specimens) —extreme 
range 190 to 217, interquartile range 203.0 to 209.6, mean 206.28+0.43, 
coefficient of variation 2.73 per cent; females (75 specimens) —maximum range 
186 to 212, interquartile range 197.5 to 205.2, mean 201.31+0.66, coefficient of 
variation 2.83 per cent. These variations are seen to be greater than were found 
in the sample limited to western San Diego County. The coefficient of sexual 
divergence is 2.44 per cent. 


The subcaudals vary as follows: Males (113 specimens) range from 48 
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to 60, interquartile range 50.1 to 52.8, mean 51.450.19, coefficient of variation 
3.89 per cent. The corresponding figures for the females (67 specimens) are— 
extreme range 41 to 51; interquartile range 43.8 to 46.7, mean 45.28+0.26, 
coefficient of variation 4.78 per cent. The coefficient of sexual divergence is 
12.8 per cent. The majority of the subcaudals are usually undivided, a generic 
characteristic unique amongst colubrids in the United States. However, there 
are always a number divided; these may vary from a few to as many as half the 
series. Ordinarily, the divided scales are concentrated toward the end of the 
tail and it is rare indeed that the last few scales are undivided. However, divided 
scales, either singly or in groups, may be scattered almost anywhere in the series, 
as for example in these three typical males: 37e, 4d, 2e, 7d; 1d, 43e, 1d, 3e, 1d, 
le, 8d; 2d, 36e, 13d (e, entire; d, divided). The anal plate is entire. 


The rostral is prominent, sometimes with the edges slightly raised above 
those of the contiguous scales. It is somewhat wider than high, recurved and 
with a deep longitudinal hollow below. Posteriorly it is sharply pointed and 
separates the internasals for about half their depths. The internasals are 
quadrangular, with the outer points lying between the rostral and prenasals. The 
prefrontals curve downward on the sides of the head; they are wider than high. 
The frontal is hexagonal and narrows posteriorly; it is longer than wide. 
Posteriorly it separates the parietals for a short distance. The supraoculars are 
relatively small and do not jut over the eyes; anteriorly they narrow to a point 
where they contact the prefrontals, thus preventing contact between the frontal 
and preoculars. The parietals are broadly in contact; they narrow posteriorly. 


The nasals are small and are divided into anterior and larger posterior 
sections by a diagonal suture passing through the nostril. The loreal is about 
twice as long as high; 4 per cent of the specimens have two loreals, and one 
specimen (out of 200) has 3 loreals on one side. There is usually a single 
preocular which is higher than wide; 5 per cent of the specimens have two 
preoculars. There are two postoculars (rarely 1 or 3) the upper being slightly the 
larger. The temporals usually are 2+3 but there may be 1+2, 1+3, 2+2, 2+4, 
or 2+5. The upper temporal may be very long; usually it contacts both post- 


oculars. 


The supralabials vary from 6 to 9, with the following distribution in a total 
count of 418 in this series; 6 (1), 7 (23), 8 (378), 9 (16). Usually the seventh 
is the largest; the fourth and fifth are in contact with the eye. The infralabials 
number from 8 to 11, with 9 predominating. Five per cent have 8, 18 per cent 
have 10, and one per cent has 11. The first pair contact on the mid-ventral line, 
the first three (occasionally four) contact the pregenials; the fifth is the largest. 


The mental is small and triangular. The pregenials are much larger than 
the posterior. The latter are usually divided longitudinally so that they are not 
sharply distinguished from the gulars. There are usually 4 scales (end to end) 
between the pregenials and the first ventral, and 6 or 7 rows between the first 
ventral and the last infralabial. 


Pattern and Color.—In lecontei, as is the case in tessellatus, the pattern 
emphasizes the peculiar color inversion for which these subspecies are notable. 
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The dorsal pattern consists of some 30 black blotches on a cream or yellowish 
background. The blotches occupy a longitudinal space of about one and a half 
times that of the interspaces, although in some specimens the two are approxi- 
mately equal. The dark blotches and the light spaces which separate them are 
of solid color on three to five central dorsal scale rows only. Laterally the scales 
of the black blotches are increasingly occupied with cream centers, and the scale 
centers of the interspaces increasingly marked with black, just as if the colors 
had been transposed. In almost all cases the interspaces, especially dorsally, are 
heavily clouded or marked with pink, scarlet, or carmine. As the reddish color 
fades in preservative it will often be absent in pickled specimens; this is especially 
true of juveniles, which are generally black and cream, but may have been quite 
red in life. In addition the black markings in the lateral interspaces are apparently 
not attained until the adult stage, so that the juveniles of lecontei are much like 
clarus, save in the number and shape of the blotches. 


On the sides the dark dorsal blotches narrow irregularly as they approach 
the ventrals, and a series of interspersed secondary blotches becomes increasingly 
prominent. The sides are sometimes so uniformly mottled with black-centered 
scales as to obscure the pattern. In the juveniles it can be seen that the main 
blotches are more pointed laterally in lecontei than in clarus, but the increased 
pigment in the adults of lecontei tends to obscure this effect. 


The frontal, supraoculars, and the parietals are usually marked with light 
cream on the edges but are dark toward the center. The rostral, internasals, 
and prefrontals are generally dark only at the edges. There is occasionally some 
pink on the snout, but usually only the cream color is apparent. The supralabials 
are edged with black, especially posteriorly. The under jaw is usually immaculate, 
except for dark lines between the posterior supralabials. 


The ventrum is generally immaculate cream or yellow, except on the edges, 
which may be reached by the black tips of the main blotches or the secondaries. 


A live adult specimen from Tucson, Arizona, was compared with Ridgway’s 
Color Standards, 1912. The main blotches were Black, the dorsal interspaces 
Coral Red, the lateral interspaces and ventrum Marguerite Yellow. A live 
juvenile from near Mission Gorge, San Diego County, had alternating Black 
and Peach Red rings, with almost none of the ground color showing. It was 
translucent White below. Another juvenile from San Diego was Light Coral 
Red between the Black saddles. 


The statistics of the body blotches, based on 208 specimens from all areas, 
are as follows: Maximum range 20 to 48, interquartile range 26.7 to 31.7, mean 
29.21+0.26, coefficient of variation 12.8 per cent. The maximum figure given 
above is a good example of the distortion which a single specimen can produce 
in statements of this character, if the range be emphasized; for the specimen 
with 48 blotches is evidently a freak, the next highest having only 38. 


The data on the tail spots are as follows: Extreme range 6 to 16, inter- 
quartile range 8.8 to 11.1, mean 9.96+0.12, coefficient of variation 16.9 per cent. 


Intrasubspecific Trends—This subspecies has a lower average ventral scale 
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count along the coast in southern California than further inland, either on the 
edge of the Colorado Desert or in the Mojave; however, proceeding further 
eastward into Arizona the average is again reduced until it is lower thtan on the 
coast. There is a reduction in the number of body blotches and tail spots as we 
go inland from the coast toward Arizona; this is independent of the specimens 
of clarus, which, if included, would still further reduce the averages. The darkest 
specimen available is the most southerly from Lower California, that from near 


Cape Colnett. 


Relationships with Other Subspecies—There are no essential pattern 
differences between leconte: and tessellatus, both exhibiting the characteristic 
Rhinocheilus color transpositions. The most important divergence between these 
forms is in the shape of the snout, which is more pointed and elevated in 
tessellatus than in lecontei. In the latter the top of the head is flat or curved 
downward, the rostral being only slightly raised, if at all, above the nasals and 
internasals. In tessellatus, on the other hand, the snout has a distinct uptilt at the 
end, and the rostral is raised prominently above the contiguous scales. In lecontei 
the frontal is somewhat blunter than in tessellatus; in the latter 1 it is more deeply 
indented into the suture between the prefrontals. Also, the suture between the 
internasals is likely to be shorter in tessellatus than in Iecantea In tessellatus the 
posterior edge of the loreal is somewhat more vertical than in lecontei. The 
upper temporals are usually longer and slimmer in lecontei than in tessellatus. 
Tessellatus has a lower average ventral scale count than lecontei; this is naturally 
emphasized in the specimens from the most widely separated regions, namely, 
coastal southern California and Coahuila. But the rostral remains the character 
most easily checked. Following the variations in this feature across the southern 
border of the United States, it would appear that the transition from the pointed 
snout of tessellatus to the blunter nose of lecontei occurs in southeastern Arizona 
and southwestern New Mexico, although additional specimens are required to 
verify this point. 


The relationship between lecontei and clarus, the newly named desert sub- 
species, is discussed under the latter form. 


Locality Records——Lecontei lecontei has been reported from the following 
localities: 


Lower Ca.irorniA: 1¥2 mi. s. of Mexicali, Salt Slough 5 mi. s. of Black 
Butte (meaning Laguna Salada or near Laguna Salada), 10 mi. e. of Tecate, 
Tecate, Matanuco, 6 mi. e. of Rosarito Beach, Descanso Point, 12 mi. s. of La 
Mision, Ensenada, and 5 mi. e. of Cape Colnett. The last named is the most 
southerly definite locality in Lower California. There is a specimen in the UCLA 
collection doubtfully recorded from Socorro, and another listed by Lockington 
(Am. Nat., 1880, p. 295) from “at or to the south of Magdalena Bay”. But 
the same hes contains several doubtful allocations, which places this record in 
question. 


CaLIFoRNIA: San Diego County—San Diego (type locality) , Stuart, San 


Luis Rey, Oceanside, La Costa, Leucadia, Olivenhain, Encinitas, Rancho Santa 
Fe, Torrey Pines, Linda Vista, Seven Points, Murphy Canyon, Camp Elliott, 
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Rosedale, Rose Canyon, Pacific Beach, Grantville, Morena, Mission Valley, 
Ocean Beach, Chollas Heights, Point Loma, National City, Bonita, Chula 
Vista, Coronado Heights, Otay, Nestor, Oneonta, San Ysidro, Fallbrook, 
Bonsall, Vista, Buena, San Marcos, Escondido, San Pasqual, Bernardo, Hodges 
Dam, Poway, Miramar, Foster, Lakeside, Flinn Springs, Santee, Mission Gorge, 
Bostonia, Fletcher Hills, Murray Dam, El Cajon, Grossmont, Hillsdale, Dehesa, 
La Mesa, Spring Valley, Lemon Grove, Jamacha, Sweetwater Dam, Otay Dam, 
Otay Mesa, Red Mountain, Rincon, Valley Center, Witch Creek, Ballena, 
Ramona, Boulder Creek, El Capitan, Descanso, Viejas, Alpine, Deerhorn Flat, 
Honey Springs, 5 mi. nw. of Oak Grove, near Julian, Banner, San Felipe Valley, 
and Sentenac Canyon; Imperial County—4 and 5 mi. nw. of Calexico, 2 and 3 
mi. e. of Holtville, Winterhaven (and 1 mi. w.); Riverside County—Aguanga, 
Elsinore (also 4 mi. n. and 6 mi. ne.), North Elsinore, w. side Lake Elsinore, 
Moreno, March Field, Box Springs Grade, Pigeon Pass, Hemet, Camp Seeley, 
Banning, Cabazon, Mecca; San Bernardino County—San Bernardino, Alta 
Loma, Etiwanda, Muscoy, Verdemont, Cajon Station, 5 mi. n. of Phelan, 
Miller’s Corner, Adelanto (also 5, 7, and 11 mi. s., and 6, 8, 10, 12, and 16 mi. 
n.), Kramer Junction (also 1, 2, 3, 5, 9, 12, 13, and 15 mi. s), Kramer Hills, 
Kramer, Penshaw, Fremont, 4 mi. s. of Atolia, 3, 8, and 10 mi. n. of Johannes- 
burg, Jimgrey (also 2 mi. w.), Hawes, Eads, Hinkley, Mace, Victorville (also 
6 mi. w.), Lone Wolf Colony, Deadman’s Point, Lucerne P. O. (also 1 mi. w.), 
Lucerne Valley, Helendale, Hodge, Lenwood, Barstow (also 18 mi. w., 10 mi. 
w., and 7 mi. ne.), Nebo, Morongo Inn, 1 mi. e. of Goffs, Mountain Pass, 3 
mi. n. of Topock; Orange County—Laguna Beach; Los Angeles County— Alta- 
dena, Pasadena, Claremont, Belvedere, La Cafiada Valley, Harold, Vincent 
(also 22 mi. ne.), Fairmount, Palmdale, Lancaster, 4 mi. n. of Little Rock, 
Sierra Pelona Valley, Mint Canyon, Llano, 10 mi. w. of Acton; Kern County— 
Mohave, also 16, 15, 13, 3, and 1 mi. e., and 1 mi. ne.), 5 mi. n. of Muroc 
Station, 12 mi. w. of Amargo, Rich, Rademacher, 2 mi. e. of Walker Pass 
Summit, 2 mi. n. of Keene, Tehachapi Mountains, Tejon Ranch, Fort Tejon, 
Grapevine, Wible, Kimberlena, Ilmon, 20 mi. s. and 8 mi. w. of Bakersfield, 
5 mi. e. of Arvin, Rose Station, Elk Hills; Inyo County—7 and 12 mi. n., and 
1 mi. s. of Olancha, Narka, Bartlett, Cartago (also 4 mi. n.), Searles Lake, 
9 mi. s. and 3 mi. se. of Lone Pine, Independence, Owens Valley; San Luis 
Obispo County—Carrizo Plain, Simmler (also 4 mi. e.); Fresno County— 
Coalinga (also 8 mi. w.), Fresno, Laton, Oil Fields; Tulare County—White 
River, Earlimart; Kings County—Tulare Lake; Madera County—5 mi. s. of 
Madera; San Benito County—Bear Valley; Mendocino County—Mt. Sanhedrin; 
Lassen County—5 mi. ne. of Litchfield. 


Nevapa: Clark County—Sloan, Erie, Boulder City, Hemenway Wash, 4, 
12, and 15! mi. se. of Indian Springs, 3/2 and 8 mi. s. of Searchlight; Lincoln 
County—Desert Valley (20 mi. sw. of Pioche at 5400 ft.) ; Churchill County— 
w. side of Humboldt Salt Marsh (Dixie Valley); Washoe County—Derby, 
Wadsworth; Elko County—17 mi. sw. of Wendover (Utah). 


Utau: Washington County—Saint George, Castle Cliffs, Bellevue, Veyo; 
Millard County—White Valley, Fillmore; Juab County—15 mi. se. of Calleo. 
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IpaHo: Elmore County—South Range (Glenns Ferry). 


ARIZONA: Yuma County—Yuma (also 3 mi. e. and 4 mi. w.), across the 
International Boundary from San Luis (Sonora), Love; Mohave County—45 
mi. se. of Boulder Dam, 2 mi. w. of Chloride, Louise, Topock (also 2 mi. n.); 
Yavapai County—Congress Junction (also 3 mi. s., 7 mi. s., and 2 mi. w.), 4, 
5, 9 and 15 mi. n., and 5 mi. nw. of Wickenburg (Maricopa Co.) , Date Creek, 
Fort Whipple; Maricopa County—Phoenix, Mesa, Smurr, Desert Wells, near 
Canyon Lake, Coldwater, 2 mi. n. and 2 and 6 mi. se. of Wickenburg, 3 mi. se. 
of Wittman, 3 mi. se. of Morristown, 1 mi. w. of Peoria; Gila County—Roose- 
velt-Globe Road; Graham County—Camp Grant; Pinal County—3 mi. se. of 
Picacho, Randolph, 10 mi. nw. of Casa Grande, Oracle Junction; Pima County— 
Tucson (also 13 mi. se., 9 mi. s., 10 mi. s., 11 mi. s., 30 mi. s., 5 mi. w.), 1 mi. 
s. of “A” Mt., 1 mi. s. of Ajo Junction, San Xavier Mission, 1 mi. n. of 
Sahuarita, Santa Rita Experimental Range, Rillito, Bear Canyon (e. of Sabino 
Canyon), Rincon Ranch (25 mi. e. of Tucson), Silver Bell Mts., Sonoita; 
Santa Cruz County—Fort Buchanan; Cochise County—Benson, Willcox (also 
22 mi. w.) and Fort Huachuca. 


Rhinocheilus lecontei tessellatus Garman 


EASTERN LONG-NOSED SNAKE 
Plate 12, fig. 2 and Plate 13, fig. 3. 


1859. Khinocheilus lecontii Baird, U. S. Mex. Bound. Surv., Vol. 2, p. 21. 

1863. Rhinocheilus Le Contei Jan, Elenco Sist. Degli Ofidi, p. 43. 

1875. Rhinochilus lecontei (part) Cope, Bull. U.S.N.M., No. 1, p: 36. 

1883. Rhinochilus leconteii (part) Yarrow, Bull. U.S.N.M., No. 24, pp. 14 
and 88. 

1883. Rhinocheilus lecontei var. tessellatus Garman, Mem. Mus. Comp. Zodl., 
Vol. 8, No. 3, p. 74. Type specimen: MCZ 4577. Type locality: 
Monclova, Coahuila, Mexico. 

1884. Rhinocheilus lecontei var. tesselatus Garman, Bull. Essex Inst., Vol. 16, 

m4) 

1887. Rhinochilus tessellatus Garman, Bull. Essex Inst., Vol. 19, p. 16: 

1929. Rhinochelus lecontei tessellatus Barbour and Loveridge, Bull. Mus. Comp. 
Zoidl., Vol. 69, No. 10, p. 333. 


Diagnosis—A subspecies characterized by a sharply pointed snout, with 
an upward tilt at the tip caused by the elevation of the rostral above the adjacent 
scales. This subspecies has more body blotches than antonii and clarus, and the 
lateral interspaces are more mottled with black. Tessellatus has fewer ventral 
plates, on the average, than lecontei lecontei. 


Range.—Central and southern New Mexico, southwestern Kansas, western 
Oklahoma, Texas west of the 97th parallel, Coahuila and northern Nuevo Leon. 
Probably intergrades with lecontei along the southern border between New 
Mexico and Arizona. 
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Material —This description is based on 79 specimens from the following 
states: New Mexico 10, Kansas 2, Oklahoma 4, Texas 58, Coahuila 4, Nuevo 
Leon 1. 


Redescription of Type Specimen—MCZ 4577, Monclova, Coahuila, 
Mexico. A young female. The dorsal scale rows are 25-23-19. The ventrals 
ate 181; the subcaudals 50 (2d, 33e, 15d); the tail is complete. The anal is 
undivided. The supralabials are 8-8; infralabials 10-10. The nasals are divided; 
the loreals 2-1; preoculars 2-2, the upper largest (the division on the left is not 
quite complete); the postoculars 2-2, about equal. The temporals are 2+3. 
The prefrontal area is concave; the rostral is tipped up and is raised above the 
adjacent scales. The point of the rostral nearly separates the internasals. The 
length over-all is 435 mm. and the tail 68 mm. There are 18 black blotches on 
the body and 10 on the tail. Dorsally the dark blotches average almost twice 
the interspaces. Only the three central dorsal rows are unmarked with light, 
and even a few of the scales in these rows are marked. The primary blotches are 
single-pointed laterally and are quite sharp, the ends continuing to the edges 
of the ventrals. The lateral secondary series is uniform; it begins on the eighth 
row above the ventrals, and continues down to their edges, otherwise the ventrals 
are clear. Laterally the interspaces between primaries and secondaries are much 
spotted with brown. The ground color is cream, not white. Some faint pink 
remains in the interspaces; there was probably considerable red present in life. 
This specimen differs from the majority of the specimens which I have allocated 
to this subspecies, particularly as found in Texas, in having fewer and longer 
blotches, and especially in the low number of ventral scales. 


Morphology—The body is of moderate colubrid proportions, neither 
especially slim nor stout. The tail is relatively short. The head is little distinct 
from the neck, with the temporal regions only slightly widened. Viewed from 
above the head is wedge-shaped, but it is rounded or flat, not pointed, at the 
rostral. In profile the snout is considerably more pointed, the rostral being rather 
sharp and greatly advanced beyond the lower jaw, which is short and deeply inset. 
The rostral is particularly prominent, being raised above the surrounding scales. 
The prefrontal-internasal line is concave. The eyes are neither large nor protub- 
erant. The diameter of the eye is from 60 to 70 per cent of the distance from 
the anterior edge of the orbit to the nostril. The pupil is round; the iris in life 
is red-brown. The tongue is black; the tips are grayish. The longest specimen 
at hand measures 936 mm.; the next longest 925 mm. Both are males; in fact, 
there are available six males greater than 900 mm., while the longest female is 
only 763 mm. However, it is not thought that this represents a fair statement 
of the difference in size between the sexes, as there are comparatively few females 
at hand; judging from the other subspecies, I estimate a female length of at least 
820 mm. This is undoubtedly the largest of the four subspecies; I have not seen 
any specimens of the others as large as 900 mm. The smallest Texas juveniles 
of tessellatus were 232 and 240 mm. A specimen from New Mexico, where the 
subspecies is probably smaller, measured only 186 mm., and two others 213 
and 222 mm. 


The tail length of the males averages about 14.9 per cent of the length 
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over-all; the females average 13.6. Most males will fall between 13.5 and 166 
per cent, and the females between 12.4 and 14.8 per cent. Thus there is some 
overlapping, and the tail-length ratio cannot be used to segregate the sexes. There 
is no conclusive evidence that the tail-length ratio changes with age, as it does 
in some colubrid genera, although there is apparent some tendency of the young 
adult males to have a slightly higher ratio than in the juveniles and the largest 
adults. This subspecies continues the tendency evident in clarus, in that the tail- 
length proportion increases as we go eastward from coastal California. 


The head length is about 2.6 per cent of the body length over-all. 


Scutellation—The body is covered with smooth and imbricate scales with 
rounded posterior tips, no ridges being even faintly evident. There is considerable 
variation in the apical scale pits, which are sometimes present, sometimes not. 
Where they are discernible the first four lateral rows usually have twin pits, 
which in the lowest rows are widely separated; the other rows have single pits. 
Sometimes a row will have both singles and pairs. There are usually 23 scale 
rows at mid-body, or just a little anterior to mid-body. A few specimens have 22. 
While 25 scale rows are sometimes present they are rarer than in lecontei. On the 
neck the rows often number 25, even though there be 23 at mid-body; posteriorly 
they reduce to 19. The reduction from 25 (when present) proceeds in accordance 
with the following formula: 25-V-23-VI-21-V-19. Occasionally row VI is 
dropped first. 


The data on the ventrals are as follows: Males (46 specimens) —maximum 
range 191 to 209, interquartile range 197.4 to 202.6, mean 200.00+0.57, 
coefficient of variation 1.94 per cent; females (27 specimens) —maximum range 
181 to 203, interquartile range 191.9 to 199.1, mean 195.48 1.03, coefficient of 
variation 2.75 per cent. The coefficient cf sexual divergence is 2.29 per cent. 


The anal plate is entire. The subcaudals vary as follows: Males (46 
specimens) range from 50 to 61, interquartile range 52.4 to 56.2, mean 
94.330.41, coefficient of variation 5.16 per cent. The corresponding figures 
for the females (26 specimens) are—extreme range 43 to 54, interquartile range 
47.4 to 50.8, mean 49.08+0.50, coefficient of variation 5.18 per cent. The 
coefficient of sexual divergence is 10.2 per cent. A majority of the subcaudals 
are usually undivided, a generic characteristic peculiar to this species amongst 
our southwestern colubrids. However, there are always a number divided; these 
may vary from two to nearly half the series. Usually the divided scales are 
concentrated toward the end of the tail and it is rare that the last few scales are 
undivided. But divided scales, either singly or in groups, may occur almost 
anywhere in the series. Example series are as follows (e—entire, d—divided, the 
counts proceeding posteriorly) : 2d, 35e, 18d; 1d, 46e, 5d; 1d, 38e, 16d; 2d, 9e, 
2d, 27e, 10d; 1d, 52e, 1d. This last specimen has fewer divided caudals than 
any other specimen of the genus that I have seen. 


The rostral is prominent, with the edges usually considerably raised above 
the surfaces of the adjoining scales. It is slightly wider than high, recurved and 
deeply indented below; the lower surface slants forward and upward. This 
subspecies is also exceptional in that the prefrontal area is concave, while in the 
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others (except occasionally in antoniz) it is either flat or convex. Posteriorly the 
rostral is sharply pointed and separates the internasals for about half their 
depths. The internasals are four sided, with points directed between the rostral 
and prenasals. The prefrontals curve down on the sides of the head; they are 
wider than high. The canthus rostralis is quite sharp. The frontal is hexagonal; 
it is longer than wide. Posteriorly it separates the parietals for a short distance. 
The supraoculars are relatively small and do not shade the eyes; anteriorly they 
narrow almost to a point where they contact the prefrontals, thus preventing the 
meeting of the frontal and preoculars. The parietals are about as wide as long; 
they are broadly in contact and narrow posteriorly. 


The nasals are small and are divided into an anterior and posterior section 
by a diagonal suture passing through the nostril. The posterior nasal is the 
larger. The loreal is about twice as long as high, and the lower side is longer 
than the upper; rarely (2 per cent) there are two loreals. There is usually a 
single preocular which is higher than wide; 3 per cent of the specimens have 
two preoculars. There are two postoculars (1 per cent have 3) the upper being 
slightly the larger. The temporals usually number 2+3 but various other 
formulas are met, including 1+2, 1+3, 2+2, 214, 3+3, and 314. The upper 
temporal usually contacts both postoculars; both temporals slope upward 
posteriorly. 

The supralabials vary from 7 to 9, with the following percentage distribution 
in the specimens examined: 7 (3), 8(92), 9(5). The next to the last is the 
largest. The fourth and fifth supralabials are in contact with the eye. The 
infralabials may number from 8 to 11, with 9 predominating; eleven per cent 
of the specimens have 8 and a similar proportion have 10. Eleven infralabials 
are quite rare in this subspecies. The first infralabials contact on the mid-ventral 
line, the first three (rarely four) contact the pregenials; the fifth is much the 
largest. 

The mental is small and triangular. The pregenials are larger than the 
posterior. The latter are usually divided longitudinally so that they are not to 
be distinguished from the gulars. There are generally 4 or 5 scales (end to end) 
between the pregenials and the first ventral, and 7 rows between the first ventral 


and the infralabials. 


Pattern and Color —In tessellatus the pattern consists of about 25 black or 
dark-brown saddles on a cream or yellowish background. However, the saddles 
are only unicolor mid-dorsally, since down the sides the dark scales are increas- 
ingly marked with light centers, while the light scales of the interspaces are 
increasingly marked with dark spots. Laterally this color inversion is often so 
complete, especially in adults, that the major blotch pattern is obliterated. The 
dorsal interspaces and, to a lesser extent, the sides are colored with pink or red, 
but this color is often absent in preserved specimens; especially it has a tendency 
to disappear in the juveniles. Dorsally the dark blotches generally have a 
longitudinal extent about 1/2 times that of the interspaces, but this proportion 
may vary from as low as | to 1, to as high as 21 to 1. 


Laterally the dark blotches narrow and the interspaces widen, but the latter 
become so mottled, either with dark spots on the individual scales, or by a series 
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of dark secondaries that the widening is not particularly apparent. The main 
saddles and the secondaries usually narrow to points touching the outer edges of 
the ventrals, which otherwise are generally immaculate. 


The lateral pattern in the juveniles is usually simpler than in adults, since 
the main saddles and the secondaries are quite clear and fairly regular, without 
the indiscriminate mottling which tends to obscure the lateral pattern of the 
adults. The alternating dark and light pattern is carried to the tip of the tail. 


Posteriorly the scales on the top of the head may be all dark or mottled 
with the light ground color. Anteriorly only the edges of the rostral, internasals, 
and prefrontals are dark. In live specimens the snout is often pink or red. The 
supralabials are edged with dark, especially posteriorly. The posterior infralabials 
may be edged with dark, otherwise the lower jaw is immaculate. The dark of the 
parietal region usually extends three or four scales behind the parietals, where 
the first light cross ring begins. 


A live specimen from Wilson County, Texas, was checked by Ridgway’s 
Color Standards (1912). The blotches were Black, the dorsal spaces between 
Brazil Red, and the lower lateral areas and ventrum Massicott Yellow. 


The numerical statistics of the pattern of tessellatus based on 75 specimens 
are as follows: Range of body blotches 18 to 35, interquartile range 23.0 to 28.4, 
mean 25.72+0.46, coefficient of variation 15.4 per cent; tail spots—extreme range 
6 to 17, interquartile range 8.4 to 11.4, mean 9.90+0.26, ccefficient of variation 
22.6 per cent. 


Intrasubs pecific Trends.—The ventral scale counts in this form are highest 
in central and southern Texas, and lowest in Coahuila and New Mexico. There 
is also a downward tendency in Oklahoma and Kansas. Specimens from southern 
Texas have the rostral most prominently enlarged; as might be expected this 
character is less noticeable in the western specimens, as the territory of lecontei 
is approached. Specimens from Oklahoma and Kansas tend to have more blotches 
than those from Texas. 


As is characteristic of the genus, the pattern in this subspecies is quite 
variable with respect to the color and shape of the blotches, and the nature of 
the spotting. Not enough specimens are available from the periphery of the 
range to determine the pattern trends with accuracy. Probably all of the 
individuals of this subspecies are brightly marked with red in life, but this 
cannot be verified from preserved material. Some of the specimens from 
southern Texas are particularly handsome in life, with clear-cut bright-red rings 
between the black, and with red snouts. 


Relationships with Other Subspecies—In pattern, tessellatus is much like 
lecontei, usually with a high number of dorsal blotches, red in the interspaces, 
and with much lateral spotting. The essential difference between the two is the 
shape of the snout. In tessellatus the rostral has a sharper and more protruding 
point, with an upward tilt at the tip, and the edges of the rostral are raised above 
those of the abutting scales. Evidently tessellatus and lecontei intergrade in 
southeastern Arizona, there being a gradual change in the character of the rostral 
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along the southern border of the United States. Lack of adequate material 
prevents an exact knowledge of the area of intergradation. Tessellatus and 
antonii may intergrade across the tableland of Durango or southern Chihuahua; 
this is indicated by a pattern tendency toward antonii shown by certain specimens 
from Coahuila. Also, antonii has a somewhat more prominent and pointed 
rostral than either /econtei or clarus, thus indicating an affinity toward tessellatus. 
But as yet there are no specimens available from the intervening tableland, so 
that this relationship is not certain. 


Tessellatus has a somewhat lower average ventral scale count than lecontei 
but the difference, while significant, is not great enough to serve as a key 
character. Peculiarly, the type specimen of tessellatus has the lowest ventral count 
of any specimen of the genus yet available. There are minor differences in head 
scales between tessellatus and lecontei, as mentioned under the latter form, in 
addition to the important difference in the rostral. 


Locality Records —Tessellatus has been reported from the following 
localities: 


Nuevo Leon: 40 mi. s. of Laredo. 
CoanuILa: Monclova (type locality) , Jaral, Parras. 


Texas: Cameron County — Brownsville; Hidalgo County — Edinburg, 
McCook, McAllen; Starr County—Rio Grande City, 5 mi. sw. of Ramirito; 
Kleberg County—Kingsville; Duval County—San Diego; Webb County— 
Laredo (also 12 mi. n. and 5 mi. e.); La Salle County—5 mi. n. of Encinal; 
Atascosa County—Lytle (also 7 mi. s.), 10 mi. ne. of Pleasanton; Wilson 
County—10 mi. w. of Floresville; Bexar County—San Antonio (also 6 mi. s.), 
Somerset (also 3 mi. n., 7 mi. sw., 3 mi. sw.), Helotes; Comal County; Travis 
County—Austin; Williamson County—Georgetown; Burnet County—Burnet, 
Clear Creek; McLennan County—China Spring, Rock Creek (Rock Spring), 
half way between China Spring and Waco, Waco (also 9 mi. n.), Hewitt, 1’ 
mi. n. of Robinson, Turney Trading Post; Bosque County—Clifton; Tarrant 
County—Near Fort Worth; Palo Pinto County—Palo Pinto, Mineral Wells, 
mouth of Ramsey Creek (Brazos River) ; Wilbarger County—Vernon; Eastland 
County—Desdemona; Menard County; Edwards County—Rocksprings; Val 
Verde County—Highway 90 near Terrell County line; Tom Green County— 
San Angelo, Christoval; Coke County—Fort Chadbourne; Midland County— 
Midland; Brewster County—Glenn Spring, Persimmon Gap, Chisos Mts.; 
Presidio County—Marfa; Jeff Davis County—Fort Davis; Reeves County— 
Pecos; Hudspeth County—42¥ mi. e. of El Paso; El Paso County—El Paso, 
Fort Bliss. 


OKLAHOMA: Comanche County; Harmon County—9 mi. sw. of Hollis; 
Alfalfa County; Woods County—12 mi. w. of Alva; Harper County. 


Kansas: Barber County; Clark County; Meade County—9 mi. se. of 
Meade; Morton County—3 mi. n. of Elkhart; Finney County—Garden City. 


New Mexico: Quay County—3 mi. w. of Tucumcari; Eddy County— 
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8 mi. nw. and I mi. n. of Carlsbad; Otero County—3 mi. s. of Almagordo; Dona 
Ana County—Mesilla Park, Mesilla Valley (near Las Cruces) ; Hidalgo County 
—east of Lordsville; Bernalillo County—Albuquerque; Valencia County—20 mi. 


e. of Belen. 


Rhinocheilus lecontei clarus subsp. nov. 


DESERT LONG-NOSED SNAKE 
Plate 13, figs. 1 and 2. 


1897. Rhinocheilus lecontei (part) Van Denburgh, Occ. Papers Calif. Acad. 
Sa, Now: p. 174: 


Type.—No. 31,440 in the collection of LMK, collected in the Borego 
Valley, 2 miles north of The Narrows, San Diego County, California, at 7:57 
P. M., May 7, 1939, by Richard Neil. Forty-two paratypes are available from 
various points in the Borego and San Felipe valleys in San Diego County, and 
in the Coachella Valley of Riverside County, California.* 


Diagnosis—A subspecies distinguished from lecontei and tessellatus by 
having fewer and longer dorsal blotches, and with the lateral spaces between the 
primary blotches either immaculate or with few spots, while the other two are 
much spotted. It also differs from tessellatus in not having an up-tilted snout. 
It has relatively shorter blotches and wider interspaces than antonti, and there 
are other pattern differences. 


Description of the Type-——Adult male. Length over-all (before setting in 
preservative) 834 mm.; length of tail 113 mm. The tail is not quite complete, 
but only 1 mm. or so is missing. The scale rows are 23-23-17; all scales are 
smooth. The ventrals number 209, and the subcaudals 53 (2d, 34e, 17d). The 
anal is entire. The scales on the top of the head comprise a recurved rostral, a 
pair of small internasals, a pair of larger prefrontals, a large hexagonal frontal, 
small supraoculars, and a pair of parietals. The nasals are divided. The loreals 


* These paratypes comprise the following specimens from San Diego County: LMK 2631 
Yaqui Well, SDSNH 11288 Yaqui Well, SDSNH 11349 LaPuerta, SOSNH 16998 
San Felipe Valley, SOSNH 17009 1 mi. e. of The Narrows, LMK 23442 Benson’s 
Dry Lake, LMK 25632 The Narrows, LMK 26815 Yaqui Well, LMK 26816 San Felipe 
Valley, LMK 26849-50 The Narrows, LMK 28650 Yaqui Well, LMK 28755 The 
Narrows, LMK 29078 Borego Valley, LMK 29110 Sentenac Bridge, LMK 29514 1 mi. 
w. of Sentenac Canyon, LMK 31445 6 mi. w. of The Narrows, LMK 31491 Yaqui Well, 
LMK 32993 Borego Valley, LMK 33021 Scissors Crossing, LMK 33022 1.4 mi. w. of 
The Narrows, LMK 33049 Scissors Crossing, LMK 33060 1.5 mi. e. of Scissors Crossing, 
LMK 33398 Sentenac Canyon, UCLA 451 San Felipe Ranch, UCLA 509 San Felipe 
Ranch, UCLA (no number) Sentenac Canyon, S. D. State College (no number) (3) 
Borego Valley, FMNH 26783 Dry Lake, FMNH 26784 Ranchita. The following are 
from or near the Coachella Valley in Riverside County: LMK 28670 Cathedral City, 
LMK 31503 Indio, LMK 32137 Palm Springs R. R. Station, AMNH 6051112 mi. n. of 
Indian Wells, AMNH 60522 6 mi. n. of Indian Wells, AMNH 60091 10 mi. s. of Indio, 
AMNH 60533 Garnet, UCLA 508 Mouth of San Andreas Canyon near Palm Springs, 
UCLA 709 between the foot of the Palms-to-Pines Highway and Indio, MVZ 228 Dos 
Palmas Spring. 
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are 1-1, preoculars 1-1, and postoculars 2-2. The temporals are 1+3, 2+3, 
The supralabials number 8-8 and the infralabials 9-9. 


The pattern comprises a series (23 on the body, 7 on the tail) of black 
saddles on a white background. The saddles occupy from 2 to 242 times the 
longitudinal extent of the interspaces. The saddles narrow as they approach the 
ventrum. A circular patch in the side of each black saddle has white-centered 
scales. The ventrum is immaculate white, except that anteriorly the bottoms of 
the saddles touch the outer edges of the ventrals. 


Summary of Paratypes——There are available from the Borego-San Felipe 
area of San Diego County 32 specimens of this subspecies, and from the 
Coachella area in Riverside County 10 additional. As I consider the snakes of 
these two areas to be the most typical representatives of the subspecies clarus, 
their statistics are presented separately from the more generalized description of 
clarus which is set forth later, in a manner conforming to the descriptive material 
of the other three subspecies. It is for this reason that the data on the type and 
paratypes are only briefed. 


The scale rows at mid-body are 23 in all cases. The ventrals are as follows: 
Males (30 specimens) —extreme range 202-218, interquartile range 208.9-213.9, 
mean 211.43+0.67, coefficient of variation 1.74 per cent; females (11 speci- 
mens) —extreme range 201-213, interquartile range 205.2-210.3, mean 207.73 + 
1.14, coefficient of variation 1.82 per cent. Caudals, males (27 specimens )— 
extreme range 50-58, interquartile range 52.4-54.8, mean 53.56+0.34, coefficient 
of variation 3.33 per cent; females (10 specimens)—extreme range 43-49, 
interquartile range 44.3-46.5, mean 45.40+-0.52, coefficient of variation 3.63 
per cent. The supralabials are distributed as follows: 7(2), 8(76), 9(4), and 
the infralabials 8(5), 9(60), 10(20). There are two loreals in one specimen 
out of 42; the rest have one. There are also 2 preoculars in one specimen, 
whereas all others have one. Two postoculars are the rule, but one specimen has 
3 on one side. The distribution of the body blotches (42 specimens) is as 
follows: Extreme range 17-27, interquartile range 20.8-23.3, mean 22.05+0.29, 
coefficient of variation 8.68 per cent. The tail spots (38 specimens) are— 
extreme range 6-11, interquartile range 7.1-8.8, mean 7.97+0.20, coefficient of 
variation 15.56 per cent. 


The more complete survey of this subspecies follows: 


Range.—The Borego and Coachella valleys in southern California, with 
scattered occurrences elsewhere in the Colorado, Mohave, and Yuma deserts of 
southern California, extreme southern Nevada, and western Arizona. 


Material have had available for this study 63 specimens from California, 
1 from Nevada, and 14 from Arizona. 

Morphology.—The body is of normal colubrid proportions, neither racer- 
nor boa-like; however, the tail is rather short. The head is slightly distinct from 
the neck, the temporal regions being only a little widened. Viewed from above 
the head is wedge-shaped, but has a rounded, rather than pointed, rostral. In 
profile the snout is more pointed, the rostral being rather sharp, with the lower 
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jaw short and deeply inset; thus there is an upward and forward slant to the 
underside of the rostral. The eyes are neither large nor protuberant. The diameter 
of the eye is about 70 per cent of the distance from the anterior edge of the orbit 
to the nostril. The pupil is round; the iris in life is brown or red-brown. The 
tongue is black with light tips; it is red-brown at the base. The longest specimen 
at hand measures 880 mm.; the longest specimens are males, for 5 males of this 
subspecies exceeding 800 mm. are available, while the longest female is 783 mm. 
Young specimens just hatched measure about 250 mm.; the smallest available is 
245 mm.; other small specimens are 246, 252, and 253 mm. 


The tail length of the males averages about 14.6 per cent of the length 
over-all; the females average 13.2. Most males will fall between 13.8 and 15.4 
per cent, and the females between 12.3 and 13.9 per cent. Thus there is some 
overlapping, and the tail-length ratio cannot be used to segregate the sexes with 
certainty. No ontogenetical change in the tail length ratio is evident. This 
subspecies has a slightly longer tail than lecontei. 


The adult head length is about 2.8 per cent of the body length over-all. 


Scutellation—The body is covered with smooth and imbricate scales with 
rounded posterior tips. Apical scale pits are sometimes present; when evident 
the two lower lateral rows have two pits per scale, while on the other rows the 
pits are single. There are usually 23 scale rows at mid-body; rarely there are 
22 or 24. On the neck the rows usually number 25; posteriorly they reduce to 
19. The reduction from 25 proceeds in accordance with the following formula 
25-VI-23-V-21-V-19. Occasionally the fifth row is dropped first, and the sixth 


second. 


The data on the ventrals are as follows: Males (48 specimens) —maximum 
range 195 to 218, interquartile range 205.6 to 212.8, mean 209.17+0.77, 
coefficient of variation 2.56 per cent; females (26 specimens) —maximum range 
198 to 213, interquartile range 202.5 to 208.1, mean 205.31+0.82, coefficient of 
variation 2.04 per cent. The coefficient of sexual divergence is 1.86 per cent. 


The anal plate is entire. The subcaudals vary as follows: Males (41 
specimens) range from 50 to 58, interquartile range 51.8 to 54.4, mean 
53.07+0.30, coefficient of variation 3.61 per cent. The corresponding figures 
for the females (28 specimens) are—extreme range 42 to 49, interquartile range 
44.6 to 47.5, mean 46.07+0.40, coefficient of variation 4.65 per cent. The 
coefficient of sexual divergence is 14.1 per cent. The majority of the subcaudals 
are usually undivided, a characteristic peculiar to this genus amongst colubrids 
in the United States. However, there are always a number divided; these may 
vary from two to as many as half the series. Usually the divided scales are 
concentrated toward the end of the tail and it is rare indeed that the last few 
scales are undivided. However, divided scales, either singly or in groups, may 
be scattered almost anywhere in the series. Example males are 1d, 29e, Id, Se, 
Id, le, 17d; 42e, 1d, le, 9d; 1d, 42e, 1d, 4e, 3d, (d signifies divided, e entire; 
the figures are from the vent to the tail tip). 


The rostral is prominent, sometimes with its edges slightly raised above 
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those of the adjacent scales. It is slightly wider than high, recurved and deeply 
hollowed out below. Posteriorly it is sharply pointed, protruding between the 
internasals and separating them for somewhat less than half their depths. The 
internasals are triangular, with the points directed between the rostral and 
prenasals. The prefrontals curve downward on the sides of the head; they are 
wider than high. The frontal is hexagonal; it is longer than wide, and is widest 
anteriorly. Posteriorly it separates the pariétals for a short distance. The parietals 
are slightly longer than wide; they are broadly in contact. The supraoculars are 
relatively small; they do not jut over the eyes; anteriorly they narrow to a point 
where they contact the prefrontals, thus preventing contact between the frontal 
and preoculars. 


The nasals are small and are divided into an anterior and posterior by a 
diagonal suture passing through the nostril. The posterior nasal is the larger. 
The single loreal is about twice as long as high; rarely (about 1 per cent) there 
are two loreals. There is usually a single preocular which is higher than wide. 
Three per cent of the specimens have two preoculars. There are two postoculars 
(rarely 1 or 3) the upper being slightly the larger. The temporals are usually 
2+3 but there may be 1+2, 113, or 214. The anterior temporals are often 
long and narrow; the upper generally contacts both postoculars. 


The supralabials vary from 7 to 9, with the following percentage distribution 
in the specimens included in this series 7(2), 8(94), 9(4). The seventh is 
usually the largest and the fourth and fifth are in contact with the eye. The 
infralabials number from 8 to 10, with 9 predominating; 10 per cent of the 
specimens have 8 and 18 per cent have 10. The first two contact on the mid- 
ventral line; the first 3 usually contact the pregenials but sometimes 4 are in 
contact; the fifth is the largest. 


The mental is small and triangular. The pregenials are much larger than 
the posterior. The latter are usually divided so that they are not distinguished 
from the gulars. There are 5 or 6 scales (end to end) between the pregenials 
and the first ventral, and 5 or 6 rows between the first ventral and the last 


infralabial. 


Pattern and Color.—Clarus, in its most typical form, is essentially a black 
and white snake, the color contrast being as sharp as is to be found in any 
southwestern snake. The pattern consists of a series of 16 to 27 black saddles 
separated by white cross rings, the light rings being about one-half the extent 
(longitudinally) of the dark. The black saddles narrow as they approach the 
ventrals and, at the same time, the scales comprising them have an increasing 
amount of light in the scale centers. These light-centered scales are usually 
concentrated in the middle of each lateral wing of the black saddles. The black 
saddles generally terminate at or near the scale row next to the ventrals. The 
lower edges of the saddle may terminate either in a straight line or there may 
be a short pointed extension to the ventrals themselves. In some cases there may 
be two such points per saddle, an anterior and posterior. The lateral light areas 
between the saddles are usually immaculate, but may be speckled, especially in 
lecontei intergrades. Occasionally dark lateral spots occur between blotches at 
the edges of the ventrals. A few specimens have the light rings clouded with 
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red, either dorsally, laterally, or both. However, the most characteristic feature 
of clarus, as compared to lecontei, is not only the greater extent of the dorsal 
saddles, but likewise the immaculate condition of the light lateral interspaces. 


Below, the color is usually immaculate white or cream, but there may be a 
few dark markings on the ventrals, especially toward the outer edges, which may 
be reached by the lateral points of either the primary saddles or the intermediate 
secondary spots if present. 


The top of the head is black in the parietal region, but is increasingly 
mottled with light toward the snout. Usually the rostral, internasals, and 
prefrontals are dark only at the sutures. The supralabials are separated by dark 
lines. The under jaw is usually immaculate, although occasionally the sutures 
between the infralabials are dark. 


Several specimens of clarus were checked by Ridgway’s Color Standards, 
1912. The most typical specimens are entirely Black and White. Some with 
lecontei tendencies have suffusions of Light Coral Red between the main 
blotches, and are Massicott Yellow below. 


The numerical statistics of the clarus pattern are as follows: Body blotches 
(76 specimens ) —extreme range 16 to 27, interquartile range 20.0 to 23.0, mean 
21.51+0.26, coefficient of variation 10.5 per cent. Tail spots (68 specimens with 
complete tails) —extreme range 5 to 11, interquartile range 6.7 to 8.4, mean 
7.53+0.16, coefficient of variation 17.1 per cent. 


It will be observed that there is some overlap in body blotches between 
lecontei lecontei (20-48) and clarus (16-27). I might have differentiated the 
two entirely on an arbitrary limit of body blotches, assigning to clarus all snakes 
having 24 or fewer blotches, and to lecontei those having 25 or more. This would 
involve a transfer of 9 per cent of the specimens now considered clarus to lecontei, 
and a transfer in the reverse direction of 8 per cent of the specimens now con- 
sidered lecontei. But I have preferred to make a segregation based on a summation 
of pattern differences, thus including not only the number of blotches, but their 
color and shape, the relative width of the interspaces, and the character of the 
mottling (or its absence) in the lateral areas. In segregating on these bases some 
specimens having as few as 20 blotches are allocated to lecontei and some with 
as many as 27 are placed in the clarus category. But even with this method the 
blotch differences are highly significant. We have the following statistics: 


Coefficient 
Mean of Mean of Significance _ of Divergence, 
lecontei clarus of Difference, P Per Cent 
Body blotches 29.210.26 21.510.26 -000001— 30.4 
Tail spots 9.96+0.12 7.53+=0.16 -00000 1— 27.8 


Intraspecific Trends——As clarus comprises a desert intrusicn into the terti- 
tory of lecontei lecontei it is to be expected that on the periphery of its range it 
should trend toward the adjacent specimens of lecontei. The ventrals average 
lower in Arizona than in the Colorado Desert of California. The body blotches 
and tail spots reach a minimum in Arizona, thus showing the effect of contact 
with antonii rather than with lecontei. But the pattern is purest in the specimens 
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from the Borego and Coachella valleys, as far as can be verified by material now 


at hand. 
Relationships with Other Subspecies —Although clarus is a well differ- 


entiated subspecies, with respect to pattern and other characters, it is geographic- 
ally the least consistent and satisfactory. This is particularly true of its relation- 
ship with lecontei. The relationship with antonii, which is discussed under that 
form, is more consistent, at least as far as available specimens indicate, northern 
Sonora being apparently an area of intergradation. While body blotches alone 
will not segregate every specimen accurately between clarus and antonii, a proper 
allocation can be made by considering the relative sizes of the blotches and inter- 
spaces, the character of the blotches, and the spotting of the ventrum. 


There is a considerable area inhabited by lecontei, most of its territory in 
fact, in which no specimens akin to clarus occur, the vicinity of San Diego (the 
type locality) and coastal southern California being examples. But there is no 
territory in which clarus predominates in which an occasional lecontei intergrade 
does not intrude, although rarely. And there are other areas where the popula- 
tion is predominantly lecontei, (the western Mohave Desert for example) where 
an occasional clarus is found. This is also true of the Wickenburg-Tucson area. 
But in eastern San Diego County, including somewhat surprisingly, the mountain 
area between Deerhorn Flat and Jacumba, all specimens are pure clarus, although 
it should not be presumed that any single character will correctly segregate every 
specimen. The differences may be summarized as follows: 


Leconte 


Ventral scales average M 206.3, F 
201.3 

Ground color cream 

Dorsal blotches (body and tail) usu- 

ally exceed 30; or body blotches alone 
usually exceed 24 

Blotches usually less than twice inter- 
spaces 

Red in interspaces between the black 
blotches* 

Black blotches pointed laterally with a 
single point 


Lateral interspaces heavily speckled or 
spotted with black (adults only) 

Secondary blotches at lower edge of 
interspaces present and conspicuous 


Clarus 


Ventral scales average M 209.2, F 
205.3 

Ground color white 

Dorsal blotches 30 or less; or body 
blotches alone usually number 24 or 
less 

Blotches usually 2 or more times the 
interspaces 

No red, or only a pink suffusion, be- 
tween the black blotches 

Black blotches with a straight edge 
laterally, or with two points, espe- 
cially anteriorly 

Lateral interspaces clear or faintly spot- 
ted with an occasional black scale tip 

Secondary blotches at lower section of 
interspaces absent or small, particu- 
larly anteriorly 


If we take the summation of these characters we find a considerable area 
(eastern San Diego County and central Riverside County) where the population 


* The red will often disappear in preservation, especially in juveniles. This character- 
istic is therefore useless in judging young specimens. 
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is pure clarus, intergrading with lecontei both to the west and east. This is no 
doubt the result of an intrusion from the south, somewhat like that noted in 
Sonora occipitalis. The population of the western Mohave is primarily lecontet, 
with an occasional clarus. A single clarus has been found amongst a large number 
of lecontei in the San Joaquin Valley. In the desert regions of southwestern 
Arizona there are not enough specimens to determine the areas inhabited by the 
two forms. Clarus probably predominates from Wickenburg west and south, 
except that [econtei occurs in the Yuma oasis. 

Locality Records—Clarus has been collected or identified at the following 
places: 

CaLiForNIA: San Diego County—2 mi. n. of The Narrows in Borego 
Valley (type locality) , Borego Springs, Horse Canyon (w. end Collins Valley), 
San Felipe Valley, Scissors Crossing, Sentenac Canyon, Yaqui Well, foot of 
Yaqui Pass, The Narrows, Benson’s Dry Lake (Ocotillo), county line e. of 
Benson’s (specimens have been taken at less than 1 mile intervals along the road 
all the way from the last named point west to Sentenac Canyon), San Felipe 
Wash, La Puerta, Vallecito, Ranchita, Mountain Spring Grade, 5 mi. w. and 7 
mi. e. of Jacumba, Boulevard, Hipass, La Posta, Deerhorn Flat, and Dulzura. 
The last three localities are west of the mountain crest. (Lecontei intergrades 
have been collected at the following points in the cismontane area: 2 mi. nw. of 
Fallbrook, Valley Center, El Capitan, Dehesa, Deerhorn Flat, and Campo; and 
at these transmontane points: San Felipe, Yaqui Well, near Dry Lake, Valle- 
cito). Imperial County—Mountain Spring, Myer’s Creek Bridge (also 2 mi. 
w. and 1 mi. e.); Riverside County—Whitewater, Palm Springs R. R. Station, 
5 mi. nw. of Palm Springs, mouth of San Andreas Canyon near Palm Springs, 
mouth of Palm Canyon 2 mi. s. of Palm Springs, Dos Palmas Spring at 3500 
feet, Palms to Pines Highway at 3000 feet (/econtei intergrade) , Garnet, Cathed- 
ral City, Indian Wells (also 2 mi. n. and 6 mi. n.), Indio (also 10 mi. s.) , Oasis, 
5 mi. s. of Vidal (San Bernardino County), Blythe; San Bernardino County— 
Morongo Valley, 3 mi. ne. of Morongo Lodge, Adelanto (also 5 mi. n.), 13 mi. 
n. of Red Mountain (lecontei intergrade) , Eads (intergrade), Barstow (also 5 
mi. s.), one-half way between Barstow and Baker, Yermo, Daggett, Gale, 5 mi. 
se. of Cima (Providence Mts.) , 8 mi. w. of Victorville; Kern County—I13 mi. e. 
of Mojave; Tulare County—Unspecified locality; Inyo County—Inyokern. 


Nevapa: Clark County—3 mi. s. of Bunkerville. 


Arizona: Yuma County—Quartzsite (also 7 mi. e.); Yavapai County 
—Camp Verde, 3 mi. s. of Congress Junction; Maricopa County—near Mesa, 
2 mi. s. of Wickenburg, Tempe; Gila County (?)—Pinal Mts.; Pinal County— 
7 mi. s., and 15 mi. se. of Florence, 3 mi. w. of Thompson; Pima County— 
Tucson (?); Cochise County—indefinite locality; Santa Cruz County—Nogales 
(antonii intergrade). 


Rhinocheilus lecontei antonii Dugés 
MExICAN LONG-NOSED SNAKE 
1886. Rhinocheilus Antonii Dugés, Proc. Am. Philos. Soc., Vol. 23, p. 290. 
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Type specimen: In Museo Alfredo Dugés, Guanajuato, Mexico. Type 
locality: San Blas near Mazatlan, Sinaloa, Mexico; this probably refers 
to San Blas, Nayarit. 

1894. Rhinochilus antonii Boulenger, Cat. Snakes Brit. Mus., Vol. 2, p. 213. 


Diagnosis——A subspecies characterized by very wide dorsal dark blotches 
(along the body) and comparatively narrow interspaces. The number of blotches 
is the lowest of the four subspecies and is markedly lower than in lecontei and 
tessellatus. Although some specimens of clarus have almost as few spots as 
antonii, the blotches of the former are shortened and the interspaces compara- 
tively wider than in antonii. There are other pattern differences. Antoni aver- 
ages fewer ventral plates than clarus. 


Range——The Mexican states of Sonora, Sinaloa, Nayarit, and Jalisco. 
Probably intergrades with clarus along the Sonora-Arizona border. 


Material —I have examined 3 specimens from Sonora, 10 from Sinaloa, and 
1 from Jalisco; total 14. Data on the type specimen have been available through 
the courtesy of Dr. Hobart M. Smith. 


Redescription of Type Specimen.—I have not seen this specimen; the data 
hereunder are taken from a description and photographs kindly furnished by Dr. 
Smith, who studied Dugés’ material in the Guanajuato collection. Dr. Smith 
believes the type locality to be San Blas, Nayarit, Mexico. 


A juvenile female. The dorsal scale rows are 23-23-19, with two apical pits. 
The ventrals number 196; the anal is entire; the subcaudals are 42 (1d, 37e, 3d, 
le). The supralabials are 8-8, infralabials 9-9. The nasals are divided, the 
loreals single, one preocular, two postoculars, and temporals 2+3. The pre- 
frontal area is concave with the rostral somewhat raised. The length over-all is 
295 mm., length of tail 35 mm. There are 15 dorsal blotches on the body and 4 
on the tail. The blotches are reddish brown; they are about 5 times the inter- 
spaces in longitudinal extent. The dark bands are laterally marked with light 
centers. The ventral surface is heavily mottled with red brown. 


Morphology—The body of this subspecies is of average colubrid propor- 
tions, neither slim nor stout. The tail is rather short. The head is little distinct 
from the neck, with the temporal regions but slightly enlarged. Viewed from 
above the head is wedge-shaped, but it is rounded or square, not pointed, at the 
rostral. Viewed from the side the snout is more pointed, the rostral being rather 
sharp, slanting upward and forward, with the lower jaw short and deeply inset. 
The snout seems less pointed than in the other subspecies. The eyes are neither 
large nor protuberant. The diameter of the eye is about 65 to 80 per cent of the 
distance from the front of the orbit to the nostril. The pupil is round or slightly 
elliptical. There are too few specimens of this subspecies available to permit 
conclusions with respect to the size to which it grows. The longest specimen at 
hand measures 780 mm.; this is a female from Sonora. The longest Sinaloa 
specimen measures 687 mm. The smallest individual is 278 mm. It is probable 
that this subspecies is approximately the same as clarus in size. 


The tail length of the males averages about 14.4 per cent of the length 
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over-all; the females 13.3. 

The head length in adults is about 2.9 per cent of the body length over- 
alll? 

Scutellation—The body is covered with smooth and imbricate scales with 
rounded posterior tips. The apical scale pits are usually imperceptible; where 
present they are quite variable, being both single and double. The latter pre- 
dominate even on the dorsal rows, thus differing from the other subspecies. 
There are usually 23 scale rows at mid-body, but one from the northern part of 
the range in Sonora has 25. On the neck the rows sometimes number two more 
than at mid-body. Posteriorly there are 19. While it is believed that the normal 
formula for dropping scale rows is 25-V-23-VI-21-V-19, the first row dropped 
may be the sixth, followed by the fifth or seventh, and finally the fourth. 


The data on the ventrals are as follows: Males (5 specimens) —maximum 
range 195 to 203, interquartile range 197.4 to 201.9, mean 199.6 1.44, coefh- 
cient of variation 1.61 per cent; females (10 specimens) —maximum range 193 
to 204, interquartile range 195.3 to 200.3, mean 197.81.15, coefficient of 
variation 1.84 per cent. The anal plate is entire. 


The subcaudals vary as follows: Males (5 specimens) range from 48 to 
54, interquartile range 49.2 to 52.4, mean 50.80+1.07, coefficient of variati n 
4.70 per cent. The corresponding figures for the females (8 specimens) are— 
extreme range 42 to 50, interquartile range 43.9 to 46.8, mean 45.33+0.73, 
coeflicient of variation 4.81 per cent. The majority of the subcaudals are 
undivided, a generic characteristic unique amongst our northern colubrids; how- 
ever, there are always some divided. These may vary from one-fifth to as many 
as half the series, and are generally concentrated toward the end of the tail. 


The rostral is prominent, sometimes with the edges raised slightly above the 
contiguous scales, so that in some specimens the prefrontal area is concave, thus 
resembling tessellatus. The rostal is about as high as wide, recurved and deeply 
indented below; posteriorly it is rather sharply pointed and separates the inter- 
nasals for about half their depths. The internasals are quadrangular with points 
directed between the rostral and prenasals. The prefrontals, which are consid- 
erably larger than the internasals, curve down on the sides of the head; they are 
much wider than high. The frontal is hexagonal; it is longer than wide, and is 
somewhat less wedge-shaped than in the other subspecies. Posteriorly it separates 
the parietals for a short distance. The supraoculars are quite small and do not 
shade the eyes; anteriorly they narrow almost to a point; they touch the 
prefrontals, thus preventing contact between the frontal and preoculars. The 
parietals are broadly in contact and narrow posteriorly . They are the same size 
as the frontal, or slightly smaller. 

The nasals are small and are divided by a diagonal suture through the 
nostril into a smaller prenasal and a larger postnasal. The loreal is longer than 
high, and is pointed anteriorly. There is usually a single preocular which is 
higher than wide. One specimen out of fifteen has two preoculars on one side. 
There are two postoculars, the upper being slightly the larger. The temporals 
usually number 2+3 but may be 1+3 or 2+4. The upper temporal is slightly 


narrower than the lower. 
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The supralabials usually number 8, but one specimen out of fifteen has 9. 
The next to the last is the largest; the fourth and fifth touch the eye. The 
infralabials number 9 on each side, but one specimen has 10 on one side. The 
first pair contact on the mid-ventral line, the first 3 or 4 contact the pregenia!s; 


the fifth is the largest. 


The mental is small and triangular. The pregenials are much larger than 
the posterior, which are slim, and sometimes truncated. There are usually 5 
scales (end to end) between the pregenials and the first ventral, and 6 scale 
rows between the first ventral and the infralabials. 


Pattern and Color—The body pattern consists of a series of about 17 wide, 
dark-brown or black rings separated by narrow white or cream rings which have 
approximately one-quarter the width of the dark. Along the mid-dorsal line both 
rings and interspaces are unicolor, this being usually true of the central seven to 
nine dorsal scale rows. Laterally the scales of the dark rings have white centers; 
these light spots increase in expanse as the ventrum is approached, so the lower 
sides are mottled. Similarly the light interspaces often have dark spots in the 
scale centers on the lower sides. Sometimes the white rings widen toward the 
ventrum, but in other specimens the light rings are constant in width, or more 
or less narrow laterally. The tail is similarly marked with wide dark and narrow 
light rings. 

Below, the ventrum is much marked with irregular dark blotches, some of 
which are on the edges of the ventrals, others in the center. 


The top of the head is dark brown, fading somewhat toward the snout. The 
sides of the head are mottled with the ground color. The edges of the labials 
are dark, the centers light. On the under-side of the head there are usually some 
dark marks, especially on the edges of the gulars. Some specimens from Sonora 
tend toward clarus in that the interspaces are wider and are clouded with red; 
also, the snout, instead of being washed with brown, is mottled. In these 
specimens the lower surfaces are less marked with dark and the blotches adhere 
more to the outer edges of the ventrals. 


A single juvenile shows less lateral mottling than is evident in the adults, 
a condition similar to that observed in the other subspecies. 


Numerically the body blotches of the available specimens of antoni are 
distributed as follows: 14(3), 15(1), 16(4), 17(3), 19(1), 20(2), 23(1); 
mean 16.95+0.51. The tail spots are 3(1), 4(4), 5(4), 6(2), 7(3); mean 
5.14+0.33. 


Intrasubspecific Trends—There are hardly enough specimens of this sub- 
species at hand to permit the determination of trends or variations. It is, how- 
ever, evident, as might be expected, that the Sinaloa and Jalisco specimens are 
more widely differentiated from clarus than are those from Sonora. Thus the 
dorsal saddles in the former are brown rather than black; they extend more onto 
the ventrals, and are less stippled with light spots in the lateral areas. The 
Sinaloa specimens have fewer ventrals. 


Relationships with Other Subspecies —Without doubt antonii is most closely 
related to clarus, with which it intergrades in northern Sonora. It differs exten- 
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sively in pattern from lecontei and tessellatus, having fewer and wider blotches 
than either, and lacking the spotted interspaces of those two species. Neverthe- 
less, it may intergrade with tessellatus across Durango, although no specimens 
are at present available from that state. 


While antonii and clarus have much in common with respect to pattern, 
specimens from the regions where each is most typical differ in a number of ways. 
Fundamentally, antonii has fewer body blotches than clarus; also, the interspaces 
are natrower, in proportion to the dark blotches, in antoni than in clarus. In 
antonii the blotches are dark-brown, while in clarus they are black; however, it is 
possible that this may have resulted from differences in preservation methods. 
I have not seen live specimens of antonii. The ventrals in clarus are usually clear, 
except where the lateral secondary blotches touch their outer ends; antonti, on 
the other hand, is much mottled below. The dorsal blotches in both are laterally 
spotted with white in the scale centers; these spots are evident higher up on the 
sides in clarus than in antonii; for the former usually has 7 or fewer mid-dorsal 
rows unspotted, while the latter has 9 or more. The head in antonii is darker 
than in clarus, with a greater area marked with black, and with less contrast 
between the light and dark areas. Thus in antonii the frontal is usually all dark 
and the chin-shields are edged with black; the contrary is the case in clarus. 


Antonii has a lower average ventral count than clarus; the difference is 
almost without overlap, and is highly significant statistically. 


Locality Records—Antonii has been collected at the following places in 
Mexico: 

Jautsco: (indefinite locality). 

Nayarit: San Blas (type locality). 

SINALOA: Culiacan, Escuifapa. 

Sonora: 5 mi. from Guaymas, Papago Tanks (Pinacate Mts.), North 


Sonora (indefinite). Intergrades with clarus are available from the vicinity of 
Nogales, Santa Cruz County, Arizona. 


HEMIPENES 


The hemipenes of lecontei lecontei are rounded, and forked only slightly 
at the end. The sulcus is single, crossing to the right lobe in either half-organ; 
thus the two half-organs are asymmetrical, the sulcus being on the posterior lobe 
on one side and on the anterior on the other. The proximal half of the shaft 
contains a considerable number of tiny spines, apparent only when the edge is 
viewed against the light. Above this almost smooth shaft there is a sudden 
transition to a spinous area occupying the distal half. The spines are fairly large, 
recurved, and closely set, the bases being almost touching. While not in regular 
rows, about 13 to 19 spines constitute a complete set around. The largest spines 
are near the proximal edge of the spinous section; distally the spines gradually 
change to calyces and the bilobed section is largely calyculate. The calyces are 
fringed with small spines. The calyces terminate abruptly, forming a border of 
an irregular smooth area at the end, this area being wider on the smaller or 
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secondary lobe than on the larger on which the sulcus terminates. The spread 
of the two lobes is about twice the diameter of the proximal shaft. 


In clarus the large spines extend more nearly to the distal end, with fewer 
calyces. The proximal shaft points are smallest in the coastal lecontei. 


Tessellatus differs from lecontei and clarus in having the major spines less 
thickly set, and there is a more gradual transition from the almost spineless distal 
shaft to the main spines of the outer section. 


SUMMARY OF SUBSPECIFIC DIFFERENCES 


Such of the subspecific differences as lend themselves to tabulation are set 
forth in the attached table. The differences and trends are discussed under the 
headings of morphology, scutellation, and pattern. 


Morphological Differences—The principal subspecific differences are in the 
shape of the snout and the proportionate tail length. In both of these character- 
istics lecontei and tessellatus are at opposite extremes, and these two forms also 
seem to be most widely separated in hemipenial characters. Tessellatus has a 
proportionately longer tail than lecontei, and also a sharper and more upturned 
snout, with a more prominent rostral. In these characters the other two sub- 
species are intermediate, but clarus leans toward lecontei, and antonii toward 
tessellatus. 


Scutellation Differences —In scale counts clarus and antonii are at opposite 
extremes, with lecontei and tessellatus intermediate; for clarus has the highest 
ventral scale counts and antonii the lowest. However, tessellatus has the highest 
number of subcaudal scales, no doubt the result of having a proportionately 
longer tail. Antonii and tessellatus show some tendency toward higher supra- 
labials, while lecontei and clarus have an opposite tendency. The other head 
scales do not differ amongst the subspecies to an extent worthy of comment. 
The ventral scale differences between the several subspecies are significant, but are 
not useful in a key, since there is much overlapping. 


Pattern Differences —Lecontei and tessellatus are much alike in pattern; 
antonii is at the opposite extreme, with clarus intermediate but tending toward 
antonii. In number of blotches these differences (except between lecontei and 
tessellatus) are all highly significant and are useful for key purposes, although 
not unfailing. If accessory details are included, such as the presence and nature 
of secondary blotches, the presence of red, the spotting of interspaces and 
ventrum, head marks, etc., there will not be much difficulty in separating lecontei 
(or tessellatus) from either clarus or antonii. In some items of pattern (but not 
in number of blotches) clarus is more distinctly separated from lecontei than is 
antonil. 

From a geographical standpoint clarus is the least satisfactory subspecies 
since specimens of this form are found scattered through a considerable lecontei 
territory. The situation is not the same as that of the dual-patterned king snakes 
(Lampropeltis getulus californiae) of San Diego County; for with these there is 
no territory in which the striped pattern is found where the ringed pattern is 
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absent, although there is a large area where the ringed snakes occur, but no 
striped snakes. 


In lecontei territory there are large areas where this subspecies occurs without 
contamination with clarus; similarly there is an area (the western part of the 
Colorado Desert) where clarus is only rarely contaminated by lecontei. But there 
are fairly large areas where leconte: predominates and an occasional clarus is 
found; and a narrower belt wherein clarus predominates and an occasional 
lecontei or lecontei-intergrade occurs. It may be suggested that these two forms 
were once tertitorially separated until they had become distinct, but have now 
recontacted and are spreading through each other’s territories, without completely 
merging into an intermediate pattern. 


ECOLOGICAL AND FreLp Notes 


The notes which are gathered here refer to the subspecies lecontei and clarus; 
since the latter was not previously recognized as a separate form it is now 
impossible to segregate most of the observations between the two. It is to be 
assumed that much of the data on time and temperature of activity apply to 
clarus, rather than lecontei, since they were accumulated in the Borego area of 


San Diego County, a region inhabited by clarus. 


I have not seen antonii alive and have had no field experience with tessellatus. 
It was noted that, in captivity, a snake of the latter subspecies spent more time 
unconcealed on the surface than did specimens of lecontei and clarus in the 
same box. 


In the southwest, Rhinocheilus is largely, but not entirely, nocturnal. In 
51,639 miles of daylight travel in San Diego County, only one was seen alive 
on the road, compared with 122 found run over. (The normal ratio of live to 
dead diurnal snakes encountered on the road in daylight is one to ten). On 
the other hand, in 3,784 miles of night travel (in the desert only) 16 specimens 
of Rhinocheilus were found alive and only 6 run over. Altogether 57 have been 
found active on the road at night, and only one in the daytime, and this with 
much less night than daylight driving. The following is the time distribution 
of specimens collected alive at night on the desert (not restricted to San Diego 
County) : 


Time Number 
7:00- 7:29 4 
7:30— 7:59 5 
8:00— 8:29 11 
8:30- 8:59 12 
9:00- 9:29 5 
9:30- 9:59 3 

10:00-10:29 4 
10:30-10:59 1 
11:00-11:29 2 
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The lack of specimens in the late hours is more the result of the inactivity 
of the collector than of the snakes; however, considerable collecting was done as 
late as 10:30 and the falling off in specimens seen indicates a higher activity in 
the early evening hours. This is no doubt because of the early cooling of the 
desert in the spring nights, the time of year when the snakes are most active. 


The temperatures at which Rhinocheilus has been found active at night on 
the desert were as follows: 
Temperature 
(Deg. F.) Number 
62-3 
64-5 
66-7 
68-9 
70-1 
nS 
74-5 
76-7 
78-9 
80-1 
82-3 
8455 
86-7 


Ww 
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The species seems to be somewhat less affected by low temperatures than is 
Phyllorhynchus decurtatus perkinsi, but is probably not better able to withstand 
cold than Crotalus cerastes. They are often out when the wind is blowing 
strongly. 

The months of activity are indicated in the following table: 

Specimens from 


Specimens found all sources 
alive in the San Diego County 
Month desert only 
January 2 
February 1 
March 1 9 
April 9 36 
May 34 136 
June 9 77 
July 34 
August 18 
September 4 11 
October 3 
November 1 
December 2 


DT, 330 
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From these data there appears no doubt that May is the month of greatest 
activity of Rhinocheilus, as is the case with the majority of our southwestern 


snakes. 


The following table shows the character of the road borders where specimens 
have been noted on the road either dead or alive: 


Pond, creek, river bank 2 
Orchard, vineyard 4 
Cultivated field 10 
Uncultivated grass 4] 
Light brush 12 
Heavy brush, chaparral 38 
Trees, forest 1 
Rocks, boulders 19 
Rocky desert 2 
Brushy desert 41 
Sandy desert 1 
Barren desert 4 

175 


It will be seen that this snake prefers grass or brush on the coastal side of 
the mountains, and a brush cover on the desert side. While it is not absent in 
rocky or sandy areas, it does not particularly seek them, as do some of our 
southwestern species. 


In San Diego County the specimens noted during the past 17 years have 
been distributed amongst the regional zones as follows: 


Coastal 119 
Inland valleys 89 
Foothills 62 
Mountains 1 
Desert Foothills 40 
Desert 16 
Uncertain 3 

330 


In this table the cismontane areas are probably somewhat over-represented 
because of their greater accessibility. It is evident that Rhinocheilus does not 
favor the mountain area. A specimen from near Julian was the only one reported 
from the mountains; in this San Diegan region the species seldom, if ever, 
occurs above the 4000 ft. contour. These 330 specimens comprise 2.4 per cent 
of the 13,725 snakes of all kinds recorded from this county during these 17 years. 


A few detailed field notes follow: 


A specimen found December 13, 1926, was unearthed in plowing. Another 
was plowed out on February 14, 1940. 
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On June 5, 1927, a specimen was observed on a paved highway wriggling 
violently but making slow process because of the smooth surface. Before it could 
be secured it was run over by four cars. It was an early visual example of how 
seldom a snake crossing the road escapes where the traffic is heavy. 


On April 24, 1932, on the road near Sloan, Nevada, at 8:30 on a cold 
windy night, a specimen of lecontei lecontei was observed facing a mouse which 
was hopping slowly on the road a few feet away. The lights disturbed the pair 
so that it was impossible to tell whether the snake was actually in search of prey. 


At 10:01 P. M. with a temperature of 82° F. a specimen was observed on 
the edge of the road at Whitewater, Riverside County. As it reached the smooth 
surface of the road the gale which was blowing at the time blew the snake clear 
across the road. 


A specimen collected on June 3, 1933, contained 8 eggs about 20x7 mm. 
Two specimens 612 and 615 mm. long each contained 5 eggs; one 672 mm. 
contained 7 and another 678 mm. contained 9. Conant and Downs (Zoologica, 
Vol. 25, p. 41) report on a specimen which laid 6 eggs about July 1. The 
dimensions were about 36x16 mm. and the weight 62 g. 


The young are hatched about the last week in August, for this is when 
the young of the year first appear. 


Snakes of this species are not ill natured. Occasionally they will bite but 
not so readily as many other colubrids. They vibrate their tails when annoyed. 
The juveniles will both bite and vibrate their tails; they strike quite fiercely 
and their teeth can be felt. 


In captivity Rhinocheilus will burrow in sand and may remain buried for 
a considerable time, either with or without the snout protruding. If alarmed 
when emerging from the sand, and only the fore part of the body is out, they 
will pull backward into the sand and disappear. But they are not nearly as 
consistent burrowers as Sonora occipitalis, Phyllorhynchus decurtatus perkinsi, 
ot Chilomeniscus cinctus, for if rocks be available they prefer to hide in the 
crevices rather than burrow. 


In captivity they feed readily on lizards, and have been observed to eat 
Coleonyx variegatus and Uta stansburiana. One ate a Sonora occipitalis. 


Examination of field-collected specimens has shown that both mammals 
and lizards are eaten. One of the mice was identified as Dipodomys merriami 
simiolus. Two specimens were found to have eaten desert whip-tail lizards, 
Cnemidophorus t. tessellatus. Another specimen contained two lizard eggs and 


a grasshopper. 


About 63 per cent of the specimens in collections are males, and 37 per 
cent females. It is not thought that this represents a true sex ratio in the wild 
population; the collected samples are no doubt stratified by the different habits 
of the sexes, as has been found to be the case with the rattlesnakes. 
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KEY TO THE SUBSPECIES OF RHINOCHEILUS LECONTEI 


Black (or dark-brown) dorsal body blotches, excluding those on 
the tail, usually 17 or less; longitudinal extent of the dorsal 
blotches (at mid-body) 3 or more times the interspaces 

R. L. antonii 


Sonora, Sinaloa, Nayarit, and Jalisco, Mexico. Intergrades with R. 1. 
clarus in northern Sonora. 


Black (or dark-brown) dorsal body blotches, excluding those on 
the tail, usually more than 17; longitudinal extent of the dorsal 
blotches (at mid-body) less than three times the interspaces* 2 


Snout sharper and with a distinct upward tilt toward the point; 
rostral raised appreciably above the nasals and internasals 
R. 1. tessellatus 


Nuevo Leon and Coahuila, Mexico; Texas west of Long. 97°, western 
Oklahoma, southwestern Kansas, central and southern New Mexico. 
Intergrades with R. |. lecontei in southwestern New Mexico and south- 
eastern Arizona. 


Snout blunter and without a distinct upward tilt toward the point; 
rostral raised only slightly or not at all above the nasals and 
internasals 3 


Black dorsal body blotches, excluding those on the tail, usually 25 
or more; lateral areas between the primary dark blotches heavily 
mottled or spotted with black (may be faint in juveniles); red 
usually present in the interspaces; ground color cream 

R. l. lecontei 


From Mendocino and Lassen Counties, California, southward to 
northern Lower California; southwestern Idaho, central and southern 
Nevada, southwestern Utah, and western and southern Arizona. 


Black dorsal body blotches, excluding those on the tail, usually 
less than 25; lateral areas between the primary dark blotches 
immaculate, faintly punctated, or marked with a single series of 
secondary spots at the edges of the ventrals; red usually absent in 
interspaces; ground color white R. l. clarus 


* Occasional specimens of R. l. clarus have fewer than 18 blotches, or antonii may have 
more than 18. Such specimens of clarus may be distinguished from antonii by their having 
more vivid color contrasts in the spotting on the snout; fewer than 8 mid-dorsal black scale 
rows unspotted with light at mid-body; little or no mid-ventral dark blotching; and usually 
more than 202 ventrals. 
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The Colorado Desert (including the Coachella Valley) in southern 
California, and the adjacent mountain slopes to the west, but excluding 
the irrigated areas of the Imperial Valley and around Yuma, Arizona. 
Occasionally found interspersed with R. /. lecontei in southern Nevada, 
the western Mohave Desert, and in the Wickenburg-Tucson area of 
southwestern Arizona. Intergrades between clarus and lecontei are 
found in the desert foothills surrounding the clarus area. Clarus inter- 
grades with antonii in extreme northern Sonora, Mexico. 
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SUMMARY 


Rhinocheilus is a monotypic genus of nocturnal colubrid snakes inhabiting 
northern Mexico and the western United States. Four subspecies may be 
recognized, of which, one, R. lecontei clarus, is newly described. The subspecies 
are differentiated by variations in scutellation and pattern. The genus is 
characterized by the presence of undivided subcaudal plates, variability in apical 
scale pits (which may be either single or double), larger adult males with higher 
ventral scale counts than the females, and a peculiar color inversion in the pattern. 
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LOCALITY RECORDS 
SUBSPECIES OF 


RHINOCHEILUS LECONTEI. 


Lecontei 
Clarus e 
Tessellatus . 
Antonii 
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Fig. 1. Rhinocheilus lecontei lecontet. 


Adult female, Adobe Falls, San Diego County, California. 


Figa2. Rhinocheilus lecontei tessellatus. 


Adult male, 10 mi. west of Floresville, Wilson County, Texas. 


(The darkest blotches were black in life, the intermediate dorsal spaces brilliant red). 
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Fig. 1. Rhinocheilus lecontei clarus. 


Adult male, Riverside County, 5 mi. south of Vidal (San Bernardino County). 


(This specimen differs from typical R. /. clarus in having pink in the lateral interspaces). 


Fig. 2. Showing normal rostral of Fig. 3. Showing enlarged rostral of 
R. 1. clarus (or R. I. leconte?). R. L. tessellatus. 
(Same specimen as Plate 13, fig. 1). (Same specimen as Plate 12, fig. 2). 
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A NEW SPECIES OF RATTLESNAKE 
FROM VENEZUELA 


BY 


LAURENCE M. KLAUBER 
Curator of Reptiles and Amphibians, San Diego Society of Natural History 


A long time will probably elapse before sufficient material is available 
from the vast range inhabited by Crotalus durissus and its close relatives 
to make a well co-ordinated study of the valid species and subspecies into 
which this group, and particularly durissus itself, should be divided. At 


present the following are usually recognized : 


Crotalus durissus durissus Linné, 1758 
Southern Mexico to Costa Rica 
Crotalus durissus terrificus (Laurenti) , 1768 
South America 
Crotalus unicolor van Lidth de Jeude, 1887 
Aruba Island (and possibly Nicaragua ) 
Crotalus basiliscus (Cope), 1864 
West coast of Mexico 
Crotalus enyo (Cope), 1861 
Central and southern Baja California, Mexico 
Crotalus totonacus, Gloyd and Kauffeld, 1940 
Panaco Island (and possibly Chiapas) , Mexico 


The members of this group are characterized by a number of 
morphological features in which they differ from other rattlesnakes, 
including a prominent vertebral ridge, enlarged scale bosses, a long tail, 
and peculiarities in head and fang shape, rattle-growth equation, and 
hemipenes. 


Through the courtesy of Mr. M. Graham Netting of the Carnegie 
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Museum, Pittsburgh, I have lately had the privilege of examining two 
rattlesnakes from near Uracoa in the Maturin Savannah, Venezuela, 
which are so peculiar that, although clearly belonging to the durissus 
group, they should be recognized as a separate form. While it is entirely 
possible that this may ultimately prove to be a subspecies of durissus, 
intergrading through a stunted race that seems to be present on Mt. 
Roraima, there are no intergrades now available, so I follow a generally 
accepted practice and describe them as 


Crotalus vegrandis sp. nov. 


URACOAN RATTLESNAKE 


Type.—Carn. Mus. 17384, collected in the Maturin Savannah, near Uracoa, 
Sotillo District, State of Monagas, Venezuela, by Harry A. Beatty in 1939. 
There is one paratype, No. 17385 with the same collection data. 


Diagnosis.—A species allied to C. durissus but differing therefrom, and 
from others in the same group, in being a dwarfed form with a peculiar pattern, 
in which the blotches are almost obliterated by the presence of many scattered 
white-tipped scales. 


Description of the Type—Adult male. Length over-all 636 mm.; length 
of tail 64 mm.; ratio of tail to total length 10.1 per cent. The head length is 
26.3 mm. The vertebral process is sharply ridged. 


The scale rows are 28-27-19. The dorsal scales are strongly keeled, 
especially anteriorly; the lowest lateral row is smooth. There are 11 rows at the 
center of the tail. 


The head is oval, rather than triangular, with a blunt snout. The rostral is 
triangular, about as wide as high; it is bordered by six scales, a supralabial, a 
prenasal, and an internasal on each side. The scales on top of the head, anterior 
to the supraoculars, comprise a pair of triangular internasals, and a pair of larger 
prefrontals. The frontal area is occupied anteriorly by a pair of scales contacting 
medianly; posterior to these are 4 irregular scales, which in turn are bordered by 
a pair of diverging scales which are the remaining vestiges of parietals. Behind 
these the head is covered by small, fairly regular scales, which are conspicuously 
ridged and imbricate. 


The nasals are divided; the anterior is the larger, the posterior contains the 
nostril. There are two loreals on either side; the upper is interposed between the 
upper preocular and the prefrontal. The supraoculars are of normal size and 
do not jut over the eyes. There are two preoculars (the upper larger), two 
suboculars, and three postoculars. There are three rows of scales between the 
supralabials and the orbit. The supralabials are 15-15, the first and fifth 
enlarged; the infralabials are 14-14, the first pair divided; the first four on either 
side contact the genials; the sixth on either side is the largest. The mental is 
triangular; there is one pair of enlarged genials contacting medianly. 
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There are 169 ventrals and 30 subcaudals. The anal is entire. The rattle 
string is complete and comprises ten segments. The first segments are distorted 
in shape so that the growth equation cannot be determined. The proximal rattle 
is 7.2 mm. wide. 

Dorsally the ground color is light-olive, speckled with many white-tipped 
scales. While the forms of a few of the ancestral blotches are faintly in evidence, 
they and the paravertebral neck stripes are almost obliterated by the irregularity 
of the light scales. Laterally the light-tipped scales increase both in number and 
in the proportion of white. The ventral surface is mottled with olive and cream, 
growing darker posteriorly. 

On the top and sides of the head the light-tipped scales are arranged in the 
form of irregular diverging rows. The lower labials are heavily mottled. The 
rostral is light edged. There is an irregular spot on each supraocular, defined by 
a light edge. 

The tail is black, and there is a dark-brown area along the posterior vertebral 


ridge of the body equal to the length of the tail. 


Paratype-—The paratype, Carn. Mus. 17385, is an adolescent female. It is 
similar in most important particulars to the type. The length over-all is 454 
mm.; length of tail 32 mm.; ratio of tail to total length 7.1 per cent. The head 
length is 23.2 mm. The canthus is sharper angled than in the type. 


The scale rows are 27-27-19. There are 11 rows at the center of the tail. 


There are three loreals on the right and two on the left. The supralabials 
are 14-14. The infralabials number 15-16, the first being undivided. 


There are 172 ventrals, and 22 subcaudals. The rattle string is complete, 
with six segments, measuring 3.1, 4.2, 5.4, 5.9, 6.3, and 6.0 mm. respectively. 


The colors are the same as in the type except that the tail is dark brown 
rather than black. There are no marks on the supralabials. Blotches are some- 
what more evident posteriorly in the paratype than in the type, and the ventrum 
is less mottled. 


Remarks.—Among over 150 specimens of Crotalus d. durissus and C. d. 
terrificus I have seen no specimens like these two, either from Venezuela or any 
other parts of the range of the tropical rattlesnake. 


Lately through the courtesy of Mr. Charles M. Bogert of the American 
Museum of Natural History, I have had a number of specimens from the vicinity 
of Mt. Roraima and elsewhere in British Guiana and Venezuela. None of these 
shows a trend in pattern toward the newly described species. While rattle 
measurements indicate that there may be a stunted race of terrificus in the vicinity 
of Mt. Roraima, this race is of normal terrificus pattern and coloration. 


The rattle counts (fortunately both type and paratype have complete 
strings) indicate that the new species is much smaller than normal terrificus. 
The sixth or proximal ring on the paratype is only a little more than half the 
width of the terrificus normal, and ordinary specimens of terrificus with 10 and 
6 rattles respectively would be much longer and several times bulkier than these 
two individuals. 
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Edward W. Nelson published a very valuable report on Lower 
California and its Natural Resources, as the first memoir in Volume 
XVI of the National Academy of Sciences (1921). He recognized 
three life-zones, the Upper Sonoran, Lower Sonoran and Aid Tropical, 
as including nearly all of the peninsula, but the Transition Zone was 
found at high elevations on the Sierra San Pedro Martir. The Upper 
Sonoran extends from the northern boundary and continues west of 
the San Pedro Martir mountains, down to the region of San Quentin, 
where it is abruptly replaced by the arid Lower Sonoran. This area, 
with which the present paper is alone concerned, is to be included in 
the San Diegan region, if it may be so called, so far as the biota is 
concerned. !n the main, the species of plants and animals are the same 
as those of San Diego county, though there are some peculiar species, 
of which Rosa minutifolia is perhaps the most striking. The conspicuous 
Agave shawii is locally abundant and is only included in the United 
States flora on account of a few plants found just north of the boundary. 


Munz, in his Manual of Southern California Botany (1935), 
records 353 species of flowering plants and three ferns as extending from 
Southern California into Baja California, but there are some common 
species, referred to as widely distributed, and also many introduced 
weeds, which are not included. I. M. Johnston, in Proceedings of the 
California Academy of Sciences (1924), enumerated 456 species of 
vascular plants as found by the California Academy expedition on the 
islands of the Gulf of California and the adjacent mainland. In this 
list, are only 50 which are common to the list of 356 species cited 
by Munz. The difference in the two lists is even more striking than 
these figures would suggest, since several of the species listed by Munz 
are desert plants (such as the three species of Coldenia, Cereus giganteus 
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and Mohavea) and belong to the Lower Sonoran. It may be said that 
the biota of northwestern Baja California is radically distinct from 
that of the rest of the peninsula. Although it is not very far from 
Ensenada over the San Pedro Martir mountains to the region of the 
Gulf, any traveler who makes this journey enters an entirely new world. 
The evidence from the plants is confirmed by that from the bees, which 
I have studied. I published an account of the bees collected by Van 
Duzee on the Academy expedition to the islands of the Gulf and the 
adjacent mainland—the same localities from which Johnston’s plants 
were obtained. The list of bees is a long one, and includes 35 or more 
species which have also been taken in California, but there is hardly 
anything in common with the list, given below, of species which were 
obtained this year in Baja California. Part of the difference may be 
due to season, but with such a different flora, and a different climate, 
it is not surprising that the bee fauna is different. 


A good mark for the recognition of the arid, so-called desert area 
is the presence of Encelia farinosa rather than E. californica. The 
latter abounds along the coast, and was found by us at Ensenada. 
It is nevertheless true that the coast biota does include some elements 
usually associated with the desert, such as the bee Anthophora n. sp. 
found on Lycium, and the moths Trichosellus cupes var. deserticola 
and Jocara trabalis. 


In order to get a fair idea of the insects of this region, it wil! be 
necessary to collect at all seasons of the year. Our visits were from 
March 23 to 26 and April 10 to 27, 1941. I was astonished to see the 
difference in the collection of moths obtained in March from that 
obtained in April. The same thing was true of the bees, which were 
collected much more carefully. Species obtained on the first expedition 
were lacking in the collection of the second, and vice versa. Thus in 
March Andrena perimelas and the fine new A. ensenadensis appeared 
to be fairly common; in April no trace of these could be found. In 
March Hesperapis nitidula was represented by a single specimen taken 
at Descanso Bay; in April it was very common at Ensenada. Also, the 
large number of species represented by single individuals indicates the 
existence of numerous others which did not happen to be captured. 
Many plants which in California are visited by numerous species of 
bees gave us little or nothing in Baja California. In vain we watched 
the species of cactus, the Mesembryanthemum, the Cryptantha intermedia, 
the Eriogonum fosciculatum, the Lotus scoparius and other familiar 
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plants. The common Baeria, apparently to be called B. gracilis (DC.), 
produced one specimen of Andrena baeriae. On the other hand, Layia 
platyglossa was very attractive to bees in April. Viguiera laciniata 
Gray (det. Ewan), very common at Ensenada, produced no bees. 


Our work in Baja California was made possible by the kindness 
of Dr. and Mrs. J. T. Scott, of San Diego, who took us to Ensenada. 
While there, we lived in one of the very comfortable Hussong cabins, 
a short distance north of town, and were indebted in various ways to 
Mr. and Mrs. John Hussong, and Mr. and Mrs. Francisco Rosas, 
managers of the cabins. Mrs. Hussong took us to Santo Tomas in 
March, and on that occasion we got a number of interesting bees, 
some of them new. Mr. and Mrs. Carr, in the Manadero Valley, asked 
us to visit their home, and while there we not only added to our 
collections, but learned many things about Baja California and its 
problems. We became greatly interested in the country and its people, 
but this is not the place to discuss matters of politics and sociology. 
One morning, we were allowed the use of the theatre in Ensenada, and 
showed a number of our moving pictures of animals to the whole school 
population, filling the theatre twice. The children were vociferous in 
their approval. 


PLANTS 


The flowery meadows, with Orthocarpus purpurascens, Layia, Chaenactis, 
Brodiaea capitata, Erodium cicutarium, Sphaeralcea ambigua, Eschscholtzia, 
Gilia dianthoides, Lupinus truncatus, Malvastrum fasciculatum, Isomeris 
arborea, Delphinium parryi, Lotus scoparius, Oenothera micrantha, etc., look 
exactly like those of Southern California. The curious Franseria chenopodiifolia 
Bentham was abundant at Ensenada. The endemic Aesculus parryi was found 
in various places near Ensenada. Another plant that we expected, Fremontia 
mexicana (Davidson), was not found. The late Miss Kate Sessions stayed 
with our friends the Carrs when, according to report, she collected the seeds 
from which this beautiful plant has been introduced into cultivation, and has 
now become a familiar sight in California gardens. But now, I am informed, it 
is no longer to be found in the original locality, and no one knows where there 
are any wild plants. Has this species shared the fate of the Franklinia?* 


* Since the above was set in type, I have received the following memorandum from Frank 
F. Gander, Botanist of the San Diego Society of Natural History: “Kate Sessions told 
me on January 15, 1936, that she had never collected seed of this species near Ensenada 
nor elsewhere in Lower California. In a letter to me dated January 10, 1936, she had 
previously stated that she obtained her first seed from a plant which was growing at the 
corner of Fourth and Fir Streets, San Diego, and which she thought had been planted by 
C. R. Orcutt. There is a good stand of this species in canyons of Otay Mountain in this 
County, and two specimens in the herbarium at Pomona College are labelled as from San 
Antonio del Mar in Lower California.””—Author. 
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Eriodictyon parryi (Gray), common at Ensenada, was new to me, and I 
thought very astonishing, with its very strong odor and broad, sharply serrate 
leaves, shining dark green above, pale below. The dark purple corolla is tubular 
and very hairy. 


Eriophyllum confertiflorum laxiflorum Gray, with its bright sulphur yellow 
flowers was conspicuous. It is appropriately called golden yarrow. 


Lonicera subspicata H. & A. was peculiar for having the leaves glabrous 
beneath, not yellowish, the leaves not strongly bicolored. It appears nearest to 
var. denudata Rehder, but deserves further study. 


Prunus ilicifolia Walp. at Ensenada was quite ordinary, not approaching 
the island species. 


Anagallis arvensis L., imported from Europe, abounds. 


Convolvulus occidentalis Gray is represented by a variety with long-pointed 
bracts, longer than calyx, flowers externally with pinkish bands, leaves glabrous. 
This is quite distinct from C. macrostegius of the islands. 


Gilia lutea longistylis Munz was a form with very pale yellow flowers. 


Montia linearis (Douglas) differed from the description by having the 
two sepals partly red and partly green, not white margined, acuminate; the 
broad petals very white, apically obtusely angulate, leaves linear. 


Trifolium variegatum Nuttall, form with very narrow long leaflets. 
Antirrhinum nuttallianum Bentham, common. 

Castilleia stenantha Gray, typical. 

Silene gallica L., very abundant. 

Platanus racemosa Nuttall, typical. 


Diplacus linearis (Bentham). A large species with long bright yellow 
flowers; calyx lobes not ciliate. Other plants had the flowers pale orange. Perhaps 
not strictly D. linearis. 


Rafinesquia neomexicana Gray (not R. californica) at Ensenada. 


Eschscholtzia peninsularis Greene, with smaller flowers than E. californica, 
was very abundant. Some of the plants are evidently biennial or perennial, and 
perhaps the so-called annual habit is merely due to the growth of numerous 
seedlings after the rains, which flower early and perish during the dry season. 
Thus it seems likely that E. peninsularis has no valid standing. 


The most interesting plant we found was Rosa (Hesperhodos) minutifolia 
Engelm., which is very abundant at Ensenada and southward, growing on 
hillsides not far from the sea. It is entirely confined to this region, and does 
not occur in the United States. It is a very distinct species. R. stellata Wooton 
is by no means a subspecies of it, as has been suggested. A remarkable feature 
is that the lateral branches curve over in an arch-like manner, and take root at 
the ends where they touch the ground. This causes inconvenience to travelers 
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on horseback, the horses putting their feet in the loops and stumbling. Mrs. 
Ruth Hussong took us to see the white-flowered variety, which is not uncommon, 
and forms large patches in places. The petals are white, with a large rosy blotch 
at the base, which fades out in old flowers. This is the R. minutifolia f. alba 
Bennett, 1888. I have not seen Bennett’s publication, and do not know whether 
it is adequate, but at any rate the name is properly published by Gravereaux in 
“Tes Roses Cultivées a L’Hay” (1902, p. 156). Boulenger and Hirst treat 
Hesperhodos as a genus; Rehder, in his revised manual (1940), treats it as 
a subgenus. Boulenger has discussed the matter at length, and describes the 
characters regarded as generic in detail. 


We found only one species of Calochortus, but this in great abundance. 
It is C. splendens Douglas, of the southern race C. splendens davidsonianus 
(C. davidsonianus Abrams, 1923). Occasional flowers are pink, and some 
almost white. Mrs. Florence B. Wilson found a yellow Mariposa Lily, 
Calochortus weedii Wood, at Ensenada, where it is very local. It was long ago 
collected in this locality by Brandegee. This is nearly at sea-level; at higher 
altitudes is found a race C. weedii peninsularis Ownbey, 1940, with pale yellow 
petals, glabrous at the apex. 


One gets the impression that the flora tends to produce local races or 
subspecies southward, and it may be that this could be confirmed by a competent 
botanist. Having studied the biota of the islands off the coast of Southern 
California, I was naturally on the lookout for resemblances. There was little 
to be found, though the Perdita appears to be no more than a race of a species 
hitherto regarded as endemic on San Miguel Island. A common Andrena was 
first described from Catalina Island, but it has since been found on the mainland 


of California. 


BEES 


My account of the bees has only been made possible by Mr. P. H. 
Timberlake, who has critically examined the collection, giving me his determina- 
tions, and comparing the specimens with the rich collection at the Citrus 
Experiment Station, Riverside, California. All the new species, including the 
Types, will be found in the collection of the Citrus Station, but it is proposed 
to send a good collection to the San Diego Natural History Museum, in the 
hope that the work of building up a collection there of Baja California bees 
may enlist the interest of one or more entomologists in San Diego. 


Halictus n. sp. Timberlake Ms. (named after Bridwell) . Ensenada, March, 
at Coreopsis maritima. Common at Ensenada in April, visiting Layia. This is 
a common species in Southern California. 


Halictus mellipes Crawford (Timberlake considers this a race of H. 
trizonatus Cresson). Mesa three miles south of ruins of San Miguel Mission, 


March 23 (Fred H. Wylie). I have taken it in the Yosemite, California. 


Halictus punctatoventris Crawford. Ensenada. Common in March, one 
at Rosa minutifolia. Ensenada, April 19, one at Layia. Described from 
Claremont, California. 
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Halictus helianthi Cockerell. Mafadero Valley, April 26 (W. P. 
Cockerell). 


Halictus n. sp. Timberlake Ms. Ensenada, one, April 15. Known from 
California as far north as Davis. Related to H. megastictus CkIl., from San 
Miguel I., but differs in wings, tegulae, etc. 


Halictus ligatus Say. Ensenada, April 16, one at Encelia californica. Widely 
distributed in North America. 


Halictus sisymbrti Cockerell. Ensenada, March and April, common. Visits 
Eschscholtzia, Convolvulus and Calochortus. It was not taken on Layia. One 
was taken at San Francisquito, April 25. There are two aberrant females, which 
Timberlake refers to H. sisymbri, though I had at first separated them as two 
additional species, largely on the characters of the metathorax. One is from 
Ensenada, at Calochortus, April 24 (W. P. C.); the other from Manadero 
Valley, April 25 (W. P. C.). Additional material may show that these should 
be separated. 


Halictus nigrescens Crawford. On April 17, at Ensenada, females were 
found rather common in flowers of Romneya trichocalyx, being the only bee 
visiting these flowers. In the Manadero Valley, in April, a male was taken on 
a cultivated umbellifer. It is small, black, with very long antennae, clypeus with 
a dull yellow mark at end. It differs from typical H. nigrescens by the dark 


front tibiae, and more material may indicate that there is a distinct race. 


Melitta maritima n. sp. 


I had referred this to M. wilmattae Ckll., known from a single female taken 
near Yuma, Arizona. The present insect is a male, and has the metathoracic 
characters of M. wilmattae, not of M. californica Viereck, which came from the 
southern part of the peninsula. All three inhabit quite different life-zones, which 
is an argument for considering them distinct. M. maritima differs from the 
female M. wilmattae by the well developed malar space, the long black hairs at 
sides of face, and the abundant intermixture of black hairs on thorax above. 
The antennae are long and black; the abdomen has long hair on first tergite, and 
an interrupted white hair-band on second. The inner tooth of the mandibles is 
not very remote from the apex. Length about 13 mm., anterior wing about 9. 


Ensenada, Baja California, at flowers of Encelia californica Nuttall, April 


13, 1941 (W. P. Cockerell). 


The second cubital cell is comparatively narrow, higher than long, the 
intercubiti practically parallel; the basal nervure falls a little short of nervulus. 
The malar space, though well developed, is not as large as in the African M. 
longicornis Friese. The segments of the flagellum are not evidently nodose 
beneath, as they are in the type of the genus, M. tricincta Kirby (M. leporina 
Panzer). In Friese’s table of European males, this runs out at 3, because the 
hair on first two tergites of abdomen is white, not fulvous. There is a very 
strong superficial resemblance to the Siberian M. microstigma Ev., but this differs 
by the strongly nodulose flagellum. The first recurrent nervure joins the second 
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cubital (submarginal) cell well before the middle, as in M. melanura Nyl. and 
other species, not in the middle as in M. haemorrhoidalis Fabricius. The nervures 


are black. 


Andrena oenotherae Timberlake. One male, Descanso Bay, March 23. 
Described (1937) from California. 


Andrena candida Smith. One male, Ensenada, April 17 (W.P.C.); one 
female near Santo Tomas, at Ceanothus, March 20. Described (1879) from 
Vancouver Island. 


Andrena perimelas Cockerell. Ensenada, March, females at Eschscholtzia 
californica, Rosa minutifolia, etc. Described from California. 


Andrena osmioides Cockerell. One female, mesa three miles south of ruins 


of San Miguel Mission, March 23 (Wylie). Described (1916) from California. 


Andrena baeriae Timberlake. Male, mesa three miles south of ruins of 
San Miguel Mission, March 23. Female, one only, at flowers of Baeria, Ensenada, 
April 24. Described (1941) from California. 


Andrena n. sp. Timberlake Ms. (Type from California). One female on 
Calochortus splendens davidsonianus (Abrams). Timberlake’s manuscript name 
refers to its occurrence on Platystemon. 


Andrena escondida Cockerell. Described from a male collected on Catalina 
Island. Ensenada, one male and many females, the latter at flowers of Layia 
platyglossa, collecting pollen. Timberlake had females from the mainland of 
California, from Layia. 


Andrena ensenadensis n. sp. 


Female. Length about 11.5 mm., anterior wing about 9 mm.; black, with 
abdomen faintly greenish; abundant long white hair on face and cheeks, on 
occiput faintly reddish; hair of thorax above dense, erect, bright fox-red, of 
pleura and metathorax white; sides of first abdominal tergite with long white 
hairs, apex of abdomen with black hair; no abdominal bands except linear ones, 
usually concealed, at bases of tergites 3 and 4; facial quadrangle broader than 
long; facial foveae inconspicuous, hidden by the long spreading hairs of face; 
labrum shining, the process short and rounded, entire; clypeus and front dully, 
densely minutely punctured; antennae black, third joint long; thorax dorsally 
dull, the surface mainly hidden by hair; area of metathorax slightly shining, 
not evidently sculptured; tegulae black, wings strongly dusky, nervures black; 
stigma well developed, dark reddish with a black border; basal nervure meeting 
nervulus; second submarginal cell receiving first recurrent nervure in middle, 
first recurrent ending about as far from end of second submarginal cell as second 
recurrent from end of third; legs black with largely black hair, but long and 
white on underside of femora, and more or less white on hind tibiae anteriorly; 
spurs dark reddish; abdomen moderately shining, very minutely punctured; 
second tergite in middle depressed less than half; venter of thorax with black 
hair in front of the very large, pure white flocci. 
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Ensenada, Baja California, females at Rosa minutifolia, Coreopsis maritima, 


etc., March, 1941. 


This resembles A. subtilis Smith and A. semicyanea Ckll., but differs by 
the dark hair at end of abdomen. A. subtilis and A. ensenadensis have sooty 
hair on hind tibiae; A. semicyanea has it all light. A. bryanti Ckll. is allied, 
and has dark hair on hind tibiae, but hair of thorax above is not red, and the 
face is not so broad. 


Andrena n. sp. with greenish abdomen. One female at Layia platyglossa, 
April 24, at Ensenada. This is very like a species taken by Gorton Linsley on 
Hemizonia at Salinas, California, and is perhaps not distinct. The Salinas bee 
is somewhat larger, with broader second submarginal cell, and dorsal hair of 
thorax paler. 


Diandrena sanctorum n. sp. 


Female. Length about 5.5 mm., anterior wing 4; dark olive green, the head 
and mesonotum dullish, the abdomen and truncation of metathorax shining; 
flagellum rufous beneath except at base; legs black, small joints of tarsi pale 
rufous; head and thorax with white hair, abundant on face, mesopleura and sides 
of metathorax; head considerably wider than long; disk of clypeus black or 
nearly so, the upper margin more or less pink; facial foveae white, moderately 
broad; tegulae shining dark brown; wings greyish, stigma dusky reddish, nervures 
pale; abdomen oval, the tergites with pallid margins, second and fourth with 
bands of short hair, apex with greyish hair; the first tergite is highly polished. 


This is similar to D. beatula Ckll. (of which Timberlake believes D. clari- 
ventris CkIl. to be the male), but compared with the type of that species it is 
smaller and less robust, with shorter head. Compared with the type of D. clari- 
ventris, the color is quite different. Timberlake has placed a male cotype of 
D. puthua Ckll. (described from Pasadena) with D. beatula. If it is the same 
species, D. puthua has six years priority. The male D. clariventris has the 
mesonotum and scutellum dark blue, or blue-green; D. puthua has them green. 


Compared with D. marinensis Ckll., this differs by the much greener abdo- 
men, and other characters. Timberlake has a long series of D. marinensis 
(including a cotype) ; it occurs, on Baeria, at Strathmore, Mt. Diablo, Davis, etc. 
D. cyanosoma Ckll. is larger and more robust; in addition to the Type from Clare- 
mont, Timberlake has specimens from the Gavilan. D. sperryi Ckll. differs by 
the narrower bluish abdomen, etc.; Timberlake has only a cotype and has not 
collected it himself. Various other species, as D. parachalybea Vier., D. chaly- 
bioides Vier., D. nothocalaidis Ckll., and D. chalybaea Cresson, are much larger. 
I examined five undescribed species, with Timberlake Ms. names, which are all 
quite different; so also are D. olivacea Vier., D. gnaphalii Ckll., and D. foxti 
CkIl. 


D. sanctorum belongs to the group with partly plumose scopa on hind legs, 
collecting, as Timberlake notes, pollen from vernal Compositae. 


Santo Tomas, Baja California, March 26, 1941 (Cockerell). 
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Parandrena atypica n. sp. 


Female. Length about 7.5 mm., anterior wing about 5.5; robust, black, 
the abdomen faintly greenish; hair of head and thorax rather scanty, long and 
white at sides of face, on mesopleura and at sides of metathorax, slightly brownish 
on thorax above; head broad, malar space linear, labrum shining; clypeus shining, 
especially apically, but the sides granular and dull, disc distinctly punctured and 
with a longitudinal depression; front and vertex dull; facial foveae short, not 
very broad, covered with white pubescence; flagellum, except basally, dusky 
reddish beneath; mesonotum dullish, appearing granular; scutellum shining, with 
a median groove; area of metathorax dull; tegulae shining dark brown; wings 
dusky hyaline; stigma large, pale reddish with a dark margin, nervures brown; 
basal nervure falling far short of nervulus, second submarginal cell long, receiving 
recurrent nervures about equally distant from base and apex; legs black, with pale 
hair, dense and abundant on hind tibiae; abdomen elongate-oval, moderately 
shining, disc of first tergite polished, second tergite depressed much less than 
half; tergites 2 to 4 with white hair-bands, failing in middle on second and third; 
apex with dark grey hair. 


Ensenada, Baja California, March 25, 1941 (Cockerell). At flowers of 


Rosa minutifolia. 


A species bearing a Ms. name by Timberlake, which I have from the 
Gavilan, California, April 17 (W. P. C.) is evidently closely allied, but is 
smaller and less robust, with a smaller head. It is possible that the difference 
is not more than subspecific. There is a superficial resemblance to P. mendosa 
Viereck, which Timberlake has taken as far south as Riverside, but the thoracic 
pubescence is quite different. Various other species compared are not at all 
closely related. 


Ancylandrena atoposoma Cockerell. Ensenada, April 15, male at Convol- 
vulus. 
Dufourea descansanda n. sp. 


Male (Type). Length about 5.7 mm., wings short, about 3.3 mm.; highly 
polished, dark steel-blue or rather greenish, the pubescence pure white, dense and 
abundant over the mouth; scape very large, subglobular; flagellum brown beneath 
except the basal part; head broader than long, front dull but vertex highly 
polished; mesonotum polished; tegulae small and black; wings faintly dusky, 
iridescent, stigma rather large, dark brown; nervures pale brown, but the basal 
nervure falling some distance short of nervulus; second submarginal cell receiving 
first recurrent nervure nearer to base than second to apex; legs black with white 
hair, hind femora incrassate in middle; abdomen highly polished, the tergites with 
thin white hair-bands, only developed at sides on the first two. 


Female. Similar, but antennae ordinary, the scape normal, the flagellum 
short and thick; clypeus black, shining; mesonotum and scutellum shining dark 
greenish. 


Descanso Bay, Baja California, March 23, 1941 (Cockerell). 


The male antennae are relatively short, not greatly elongated as they are 


348 SAN Dreco Society oF NAtuRAL History 


in the Type of Halictoides. Hedicke uses this as a generic character, separating 
Dufourea from Halictoides. This was carefully compared with the known species 
richly represented in the collection at the Citrus Station, but is evidently distinct. 
D. truncata Timberlake appears to be closely allied, but is less robust, with a 
smaller, narrower head. The female differs by sculpture of front, the male by 
the flagellum, which is nude beneath in D. truncata, hairy beneath in D. 
descansana. 


Dufourea viridis Timberlake. Santo Tomas, March 26, 1941. Male coll. 
W. P. C., female coll. Cockerell. A species described this year from California; 


our specimens are not quite typical. 


Dufourea sp. Female only. Very near to D. descansana, and at first thought 
identical. Ensenada, at flowers of Calochortus, April 20 (W. P. C.). 


Dufourea sp. females only. Ensenada, at flowers of Rosa minutifolia, March 
25. (W. P. C., Cockerell). This and the last are perhaps new, but males are 


desirable for purposes of description. 


Panurginus californicus Cresson. Ensenada, both sexes; the female April 


20, at Layia. Male, Santo Tomas, March 26. 


Perdita layiae basalicola n. subsp. 


Female (Type). Somewhat smaller, with more extensive face markings, 
the clypeus pale except the upper and lower margins, base of mandibles white, 
and small triangular lateral face-marks. 


Male. Clypeus, labrum, mandibles and triangular lateral face-marks white. 


Ensenada, Baja California (Type locality), abundant at flowers of Layia 
in April. Santo Tomas, March 26, 1941 (W. P. C.), very numerous in one 
restricted locality. 


Hesperapis nitidula Cockerell. Ensenada, April, very common at flowers 
of Layia, mostly females, but not collecting pollen. Timberlake says that in 
California it collects pollen from Oenothera. We did not find it on Oenothera 
micrantha, which was common in the same place. A female was taken at 
Descanso Bay, March 23, by Mrs. Vivian Scott, and was at first thought to be 
a new species, but subsequent studies led to its reference to H. nitidula, a species 
described in 1916 from Claremont, California. The Descanso Bay specimen has 
the following characters: 


Length about 7.5 mm., anterior wing about 6.5 mm.; black, with white hair, 
slightly flavescent on thorax above and abdominal bands; apical part of mandibles 
obscurely reddish; labrum with a patch of shining white hair; face with dense 
long hair; vertex with long black hair, and a little black on mesonotum and 
clypeus; facial quadrangle broader than long; vertex polished and shining; apical 
half of flagellum dusky reddish; mesonotum moderately shining, well punctured; 
scutellum dull; tegulae dark reddish; wings hyaline, slightly greyish; stigma 
slender, dusky reddish, nervures dark brown; basal nervure falling far short of 
nervulus; first recurrent nervure much nearer base of second submarginal cell 
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than second is to apex; legs black with pale hair, spurs white; abdomen dull, 
very minutely punctured, the tergites with rather broad bands of faintly yellowish 
tomentum. The abdominal bands are broader than is usual in H. nitidula, and 
not so white. 


Nomada edwardsii Cresson. Three miles south of ruins of San Miguel 
Mission, March 23 (Wylie); a female, which can only be referred to N. 
edwardsii, but it differs by the entirely yellow scutellum. It is not N. avalonica 
Ckll., though it resembles it in the abdominal bands. It may possibly be the 
female of N. edwardsii var. australior Ckll., which was based on a male from 


Los Angeles County, California. 
Emphoropsis rugosissima Cockerell. Ensenada, March 24 (W. P. C.). 


Diadasia difficilis Timberlake. Ensenada, both sexes at Sphaeralcea ambigua 
(W. P. C.), and one male at Layia (Cockerell). This is so close to D. lutzi 
CkII., described from Wyoming, that Timberlake gives it only subspecific rank. 


Diadasia vallicola Timberlake. Ensenada, at Sphaeralcea ambigua, one 
female, April 13 (W. P. C.). Previously known from California and Arizona. 


Xenoglossodes davidsoni Cockerell. Ensenada, at Malvastrum fasciculatum, 
one male, April 17. Timberlake has one from San Quentin, Baja California, 
April 10, 1933 (B. J. Hull). It is rare in California; Timberlake took one on 
Convolvulus in the Puente Hills, near Whittier. 


Tetralonia albopilosa Fowler. Ensenada, two females at Astragalus, April 
16 (W.P.C.). Timberlake refers here the supposed T. robertsoni Ckll. recorded 


from California. 


Tetralonia sp. Near Santo Tomas, at Lupinus, March 26, one female (W. 
P. C.). Timberlake has taken this at Riverside, California, on Nemophila. He 
has placed it, somewhat doubtfully, with a male to which he has given a manu- 
script name. 


Tetralonia belfragei Cresson. Velladero Valley, at Calochortus, April 25, 
one female. Compared with one from Dallas, Texas, it has a shorter head, but 
it is surely the same species. 


Anthophora n. sp. Timberlake Ms. Manadero Valley, in the Carr garden, 
April 25, at Lycium, both sexes. Timberlake has it from the Colorado Desert 
and from Buckeye, Arizona. 


Anthophora (Micranthophora) curta var. ensenadensis n. var. 


Male. Related to A. curta Provancher, but clypeus entirely black; labrum 
pale yellow with two black spots at base, base of mandibles broadly pale yellow; 
antennae black; hair of head and thorax all pure white; tarsi ordinary, the apical 
joints pale reddish; abdomen with five very distinct bands of appressed white 
pubescence; sixth tergite with a sharp dark tooth at each corner. 


Ensenada, Baja California, April 15, 1941 (W. P. Cockerell). 


The eyes are blackish, not green. The structure of the abdomen associates 
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it with A. curta, and Timberlake finds that he has some similar specimens in his 
series of California A. curta. 


Osmia, probably O. nemoris Sandhouse, but much worn. Velladero Valley, 
at Calochortus, April 25. 


Ashmeadiella californica Ashmead. We did not take this, but Michener 
records it as taken by Timberlake twelve miles north of Ensenada, August 1. 


Ceratina acantha Provancher. Santo Tomas, March 26 (W. P. C.); En- 
senada, female at Convolvulus, April 20 (W. P. C.). 


Ceratina arizonensis Cockerell. Near Descanso Bay, March 23. 
Bombus crotchi Cresson. Ensenada. 
Bombus vosnesenskit Radoszkowski. Ensenada. Visits Astragalus. 


Bombus edwards Cresson. Ensenada; San Francisquito, April 25 (W. P. 
C.); Mafadero Valley (Julia Zamore). 


Bombus californicus Smith. Ensenada, April 17 (W. P. C.). 


BUTTERFLIES AND MoTHs 


We did not plan to collect Lepidoptera, but during our first visit at the 
Hussong cabins (north of Ensenada) , March 23 to 26, moths were very abundant 
at the electric lights, and we obtained a series of interesting species, which I 
handed to Mr. John L. Sperry, of Riverside, California, who has very kindly 
furnished a report on them. When we returned to the locality in April, we 
naturally expected to find many more moths, but the catch was poor, owing to 
the cold north winds. The species obtained were sent to the U. S. National 
Museum along with other insects. Few butterflies were seen. In March, the 
common butterfly was what appeared to be the ordinary Caenonympha california 
Westwood & Hewitson, but to my surprise the single specimen collected is 
considered by Sperry to probably represent a new race, distinguished by the large 
whitish markings at the base of the secondaries beneath. In April the commonest 
butterfly was Vanessa cardui L. 


Mr. Sperry’s report on the moths of the March expedition is as follows: 
Apantesis proxima var. autholea Boisduval. Common throughout this area. 
Apantesis ornata form ochracea Stretch. Always a good thing. 

Laphygma exigua Hbn. Very common throughout the southwest. 

Aseptis perfumosa Hampson. Locally common in Southern California. 
Trichosellus cupes var. deserticola B. & McD. A desert species and variety. 
Noeloa rivulosa Smith. Not too common in this area. 


Zosteropoda hirtipes Grote. Widely distributed but not common in the 
southwest. 


Oncocnemis cibalis Grote. Possibly, the specimen too badly rubbed to be 
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certain; rather a good thing. 
Ichthyura apicalis Walker. Common in this area. 
Nemoria delicataria Dyar. Common around San Diego. 
Eupithecia sp. in the miserulata group. 


Camptogramma neomexicana Hulst. Common from Texas to the Pacific 
in that latitude. 


Euphyia implicata Gn., or williamsi Swett if you prefer. It is the dark form; 
this insect feeds on the sand verbena (Abronia), and is locally very common 
in the early spring. 


Perizoma epectata B. & McD. Evidently San Diego, the Type locality, is 


close to the northern limit of this species. 


Plataea californiaria H.-S. Probably a good new race. Dr. Comstock has a 


small series of this. 


Synaxis cervinaria Packard. Common in the Los Angeles district and found 
as far north as the Oregon line. 


Jocara trabalis Grote. Rather common in the deserts here. 
Diasemia sp. I cannot match this one. 


Pyralid, not known to me. A striking olive green species. 


The April collection, unfortunately in rather poor condition, although the 
species are not very many, is remarkable for having only one or two specimens 
common to the March series. This difference parallels to a considerable extent 
our results from the study of the bees. The April collection was determined by 
three specialists, as follows: 


(1) Determined by Carl Heinrich: 
Noctuelia sp. probably bububattalis Hulst. Need to check with holotype. 
Ephestioides nigrella Hulst. 


Homoeosoma sp. May be new; have a few similar specimens from Carmel, 


California, received through W. H. Lane. 
Epiblema sp. May be a small example of strenuana Walker. 
Monoleuca sp. presumably occidentalis B. & McD. 


(2) Determined by J. F. G. Clarke: 
Aseptis genetrix Grote. 

Peridromia margaritosa saucia Hbn. 
Autographa brassicae Riley. 
Oncocnemis perscripta Gn. 

Platynota stultana Walsingham. 


Bucculatrix sp. 
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(3) Determined by H. W. Capps (Geometridae) : 
Neoterpes edwardsata Packard. 

Perizoma custodiata Gn. 

Cam ptogramma neomexicana Hulst. 


Eupithecia sp., probably behrensata Packard. 


After our first expedition, Captain W. P. Medlar of the San Diego Society 
of Natural History, went down to the Hussong Cabins, and made a good 
collection. After he left, other moths were collected for him by Francisco Rosas. 
I hope that other collections will be made at different seasons of the year, and 
eventually reported on in full. 


FLIES 


No serious attempt was made to collect Diptera, but the common syrphids 
Mesogramma marginata Say, Melanostoma stegnum Say, and Eupeodes volucris 
O. S. were abundant on flowers. At the same time the Bombyliids Bombylius 
albicapillus Loew and Ploas atratula Loew were collected, and undetermined 
species of Rhamphomyia and Hydrophorus. All these were determined by C T. 
Greene. An Asilid taken by my wife at Ensenada is referred by Dr. M. James 
to Heteropogon senilis Bigot. 


ScaLE INSECTS 
Very few Coccidae were seen, but no special search was made for them. I 
am indebted to Dr. Harold Morrison for advice. 
Phenacoccus gossypii Townsend and Cockerell. On cultivated Pelargonium, 
Carr garden, Mefadero Valley. 
Dactylopius opuntiae Cockerell. On a tree Opuntia, presumably O. mega- 
cantha, Ensenada. 
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This report records the occurrence of such vertebrate species as were 
found within the Organ Pipe Cactus National Monument during three 
visits, aggregating 90 days, made by the writer and an assistant in 1939. 
The survey was undertaken at the suggestion of the National Park 
Service, which requested the cooperation of the San Diego Society of 
Natural History in the project. The writer was appointed “Collaborator 
at Large” on February 14, 1939, and camp was established and work 
commenced on February 22 at the Growler Mine, within the Monument. 


The Organ Pipe Cactus National Monument comprises an area of 
330,619 acres or 516.7 square miles. After a study of maps, it was 
decided to divide this large area into four nearly equal parts, to establish 
a base camp at some central point in each, and to radiate exploratory 
excursions from that point as time would allow. A complete and detailed 
survey of the vertebrate fauna of so huge a tract by two individuals 
within a three months’ period was naturally impossible and it is evident 
that much remains to be done. This is particularly true of both mammals 
and reptiles. The bird life of the Monument was more nearly covered. 


The three field-trips to the Monument are tabulated in the ac- 
companying chart. For each period has been designated the geographical 
quarter of the Monument where investigations were carried on, the dates 
of arrival and departure at each locality and the number of specimens 
collected. The writer’s assistant during the first and second periods was 


Philip Lichty and during the third period was Charles F. Harbison. 

By the end of the first period, it was clear to the writer that the 
whole Monument, judging from its general flora and fauna, was within 
the Lower Sonoran life zone. To analyze further the faunal position of 
the Monument, one must look to the east and west. Towards the east, 
in the neighborhood of Tucson, such characteristic birds and mammals 


as Cardinals, Bronzed Cowbirds, Palmer Thrashers, Antelope Jack 
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Rabbits and Banner-tailed Kangaroo Rats are found. All are living in 
what might be termed as a “lush desert growth” at an altitude of over 
2000 feet. Towards the west from the Monument, the region becomes 
progressively more arid as the elevation declines. More drought-tolerant 
species find their habitats there, outstanding examples of which are 
Leconte Thrashers and Giant Desert Kangaroo Rats. 

The present survey has shown that the Organ Pipe Cactus National 
Monument is saddled on the line of demarcation between these two 
desert regions. This is no hard and fast line, but the merging of one 
area into the other. Thus breeding Cardinals, Bronzed Cowbirds, and 
breeding Palmer Thrashers, also Antelope Jack Rabbits and Banner- 
tailed Kangaroo Rats were found in the eastern sections of the Monu- 
ment, while in the western part, Leconte Thrashers and Giant Desert 
Kangaroo Rats were at home. Further evidence of the line of demar- 
cation was given by two species of reptiles which found the western 
limits of their range in the region. These were the Pima Leaf-nosed 


Snake and the Black-tailed Rattlesnake. 


It has long been known that life zones can be further divided into 
clearly defined areas, called “associational areas.” These areas are often 
indicated by the abundance of one or more species of plants and are 
further emphasized if, as is often the case, a certain species of bird or 
mammal adheres closely to the particular plant association. Other 
factors, such as the geological features, may also set these particular areas 
apart. It was found that in the Organ Pipe Cactus National Monument 
there were four major associational areas. These may roughly be desig- 
nated as: 


THE WestTERN ArgEA. This area lies along the extreme western boundary 
of the Monument and includes the southeastern part of Growler Valley, the 
area about Quitovaquita and an arid part of the western side of the Valley of 
the Ajo. It is more arid than other parts of the Monument and a greater portion 
of the vegetation is creosote bush. The soil is sandy-silt in places, ranging to 
pebbly ground in other parts. In the softer, sandy-silt soil, Giant Desert 
Kangaroo Rats were found in two localities. 


Tue Sonoita ArgEA. This area lies south of the Bates and Puerto Blanco 
Mountains and southwest of the Ajo Mountains. It comprises parts of two 
large valleys or plain-like regions, known as the Abra Valley and the Sonoita 
Valley. The desert vegetation in this section is more lush than in the Western 
atea. In two places, one in each valley, it might be classed as luxuriant desert 
growth. Mesquite trees of large size, with other desert trees and shrubs in 
proportion, were found. This area also has the largest forests of giant cactus, 
though this plant is to be found over the greater part of the foothills in the 
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Monument. This section of the Monument stands out from the others in being 
the only one in which Allen’s Jack Rabbit occurred, the one in which the few 
Grasshopper Mice were taken, and the only one in which Bronzed Cowbirds were 
recorded. The case of the Grasshopper Mice may well have been fortuitous, 
however, as other parts of the Monument appeared to be acceptable to them. 

The effect of the nearby Sonoita River, which parallels the International 
Boundary but lies entirely in Mexico, was plainly evident. The larger mesquites 
and more luxuriant growth of other species of plants provided ample evidence 
of the more moist soil conditions. The soil over this section of the Monument 
varies from firm silt to pebbly and rocky, hard ground, affording no habitat 
suitable for Giant Desert Kangaroo Rats; but in the eastern part, near Gray’s 
Ranch the firm soil did support a small colony of Banner-tailed Kangaroo Rats, 
their westernmost point of record in this southern section. The vigorous 
vegetative growth here was also suited to certain birds, including Cardinals, which 
found their western limit here. 


THe Mountain Area. This area includes the rocky, hilly, mountainous 
parts of the Monument. Little brushy vegetation exists over the more exposed 
summits and rocky outcroppings, but in the shaded atroyos, especially of the 
Ajo Range, are to found sizeable trees of several species. In Alamo Canyon, 
which, in spite of its name, contains no cottonwoods (“Alamo” being Spanish 
for “cottonwood”) are small groves of two or mote species of oak trees. This 
occurrence marks the only tendency in the Monument towards Upper Sonoran 
zonal conditions. The area is so limited, however, that few of the birds, which 
further eastward would be found in this association, were present. Yet some 
of the species, such as Cardinals, Phainopeplas, Orioles and Goldfinches, that 
require heavier growth for their environment, were here. The winter visitants 
and spring migrants in these canyon areas were interesting and the occurrence 
of some species such as Spotted Towhees, Juncos and Black-chinned Sparrows, 
was due to the congenial type of cover. 

The rocky ridges of this section afforded suitable range for a small number 
of Mountain Sheep. Evidence of their presence was found in both the Ajo and 
Bates Ranges. It was in this type of rocky slopes that Rock Pocket Mice were 
found abundantly, and they and the sheep might be called the particular 
indicators for this section. 


THE GuwnsiGHT Area. This area is formed by the lower slopes of the Ajo 
Mountains and covers the greater part of the eastern, central and southern parts 
of the Valley of the Ajo. Numerous mesquite-lined washes are found within 
this section, yet it appears to be drier than the Sonoita area and not as arid or 
barren as the Western area. Vast stretches of creosote bush cover the more level 
parts, and in some places grasses abound. Over this Gunsight area large colonies 
of Banner-tailed Kangaroo Rats were found, marking the westernmost limit of 
the species. Soils of hard-packed silt to rocky talus prevail, which are the soil types 
preferred by Banner-tails. Indicators might well be designated also from the 
list of reptiles. 

This part of the report could hardly be concluded without men- 


tioning the few watering places, natural or man-made, within the 
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Monument, and their influence on the fauna. Four watering troughs, 
one each at Bates Well, Rancho Bonito, Gray’s Ranch and Alamo 
Canyon, are kept in constant repair, offering water to the various forms 
of wild life in the vicinity. About these places a substantial population 
of Desert Quail exists, of much greater numbers than would be the case 
were not constant drinking water available. No doubt the abundance of 
other species of birds has been increased by these sources of water. 


Natural watering-places in the desert are not common. In the 
Organ Pipe Cactus National Monument three natural tanks or springs 
were made known to the writer, two of which were visited. A chain of 
natural tanks in the upper reaches of Alamo Canyon was seen to setve 
myriads of migratory doves and other birds during the writer’s late 
spring visit, and no doubt plays an important role in the life of the 
Mountain Sheep. I was informed of a natural spring, called “Dripping 
Springs,” near the center of the Monument, but was unable to visit the 
locality. 


Perhaps the largest flow of natural water within the Monument 1s 
at Quitovaquita. Here an Indian has concentrated the flow of several 
springs by means of a system of ditches, into a small reservoir and uses 
the water to irrigate a few acres of grain and fruit trees. At this place a 
notable representation of visiting water birds was found. However, it 
should be stated that the main cause of attraction was not this small pond 
of less than one-half acre in extent, but the nearby flowing section of 
the Sonoita River that parallels the Boundary on the Mexican side for 
nearly twenty miles before sinking into the desert sands. 


In all there are representatives of 5 orders of mammals, 15 orders 
of birds, 1 order of amphibians, 2 orders of reptiles and 1 order of fishes 
in the final tabulation of the Monument’s vertebrate inhabitants that 
were recorded. These include 31 species and subspecies of mammals, 
150 species and subspecies of birds, 4 species of amphibians, 21 species 
and subspecies of reptiles and 1 species of fish. All reptiles and 
amphibians were identified by Dr. Laurence M. Klauber, Curator of 
Reptiles and Amphibians, San Diego Society of Natural History. 


MAMMALS 


Myotis californicus pallidus. Desert LirTLe CALIFORNIA Bat. One specimen was 
taken under a water tank at the Growler Mine on March 2, and three others from a cleft in a 
rocky bank near Quitovaquita on March 5. Of the latter, two were females and one a male 
__the first instance in the experience of the writer of this species being found other than singly 
in its day roosts. As this bat is migratory, the captures provide dates of passage in this region. 
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Pipistrellus hesperus australis, CaANyon Bat. Specimens were taken at Bates 
Well, Growler Mine and Quitovaquita during the months of February, April and November. 
This would appear to indicate spring and fall migration dates, but so little is known about 
these nocturnal fliers, that considerable caution must be used in expressing conclusions, 


Tadarida mexicana. Mexican FREE-TAILED Bat. One specimen was shot on April 
25 at Bates Well. At the same time several others were seen. The writer was informed 
that an old mining tunnel north of the Monument’s boundary in the Growler Mountains 
harbored a colony of bats; and the presence of this species at Bates Well would indicate that 
the inhabitants of the tunnel were of this species. 


Spilogale gracilis arizonae. Arizona Spotrep SKUNK. Two specimens were 
collected from the rocky mountainsides at Bates Well during November. It doubtless occurs 
in suitable situations at many places within the Monument. 

Taxidea taxus berlandieri. Bapcer. Evidence of this mammal’s Presence was 
found in the shape of large-sized excavations, that descended seldom to a depth of over four 
feet, in the colonies of Round-tailed Ground Squirrels, Banner-tailed Kangaroo Rats and 
Desert Kangaroo Rats. Such signs were found over parts of the level plain near Gray’s 
Ranch, Abra Valley, Growler Valley and the Valley of the Ajo. On the night of March 17 
a Badger was plainly seen in the Valley of the Ajo, when. its eyes were reflected by the 
spot-light of the car, in the center of the road. 

Vulpes macrotis arsipus, Desert Kit Fox. The presence of Kit Foxes was made 
certain when, on April 27, their tracks, well known to the writer, were found in the sandy 
soil about a Desert Kangaroo Rat colony in Growler Valley. 

Urocyon cinereoargenteus scottii. Scorr Gray Fox. Common in the neighbor- 
hood of the mountain ranges. Four specimens were collected between Nov. 22 and Dec. 10, 
and on one occasion a Gray Fox was routed from his day bed in an ironwood tree. 


Canis latrans mearnsi, Desert Coyote. Common throughout the Monument. 
Their calls could be heard almost every morning about sunrise. Three specimens were 
taken, on Dec. 16, 17 and 19, near the mouth of Alamo Canyon, where we used a dead horse 
to attract them. 


Lynx rufus baileyi. Desert Witp Cat. A specimen was collected on Dec. 7 near 
Rancho Bonito Well. Tracks were also seen at Bates Well, Alamo Canyon and Gray’s 


Ranch. This species would be expected wherever sufficient cover and quail or rabbits occur. 


Citellus variegatus grammurus. Say Rock SguirREL. Found scatteringly through 
rocky areas. An occasional Rock Squirrel was seen in Alamo Canyon and a single specimen 
was collected at Growler Mine on March 1. 


Citellus tereticaudus neglectus. ROUND-TAILED GROUND SQurrREL. Found 
living in silty or sandy areas of flat ground. A lone individual was seen out of its hole at 
Bates Well on Feb. 22, but these squirrels did not become active in numbers until late March 
and early April. Seven specimens were taken between March 17 and 23. Not recorded 
during the Nov.-Dec. visit, as the entire population was apparently hibernating. 


Citellus harrisii harrisii, Gray-TaILEpD ANTELOPE GROUND SeQurrreEL. Never 
found abundantly, but singly, as individuals, here and there. Their chief centers of 
habitation were near rock-bound hills, where safe shelters were to be had. At times they 
were seen atop bristling-spined cholla cactus, where they sat erect to view the surrounding 
area. How they could negotiate the climb over the vicious thorns was always a question, for 
the soft pads of the feet on specimens taken in such positions never contained spines nor 
were there scars to indicate former difficulties. Seven specimens were collected at five stations. 


Thomomys bottae growlerensis. GrowLeR VALLEY Pocket GoPHER. Restricted 
to alluvial silt along the margins of the larger washes, where heavy mesquite growth was 
present. Thirty specimens were collected from the following localities: Bates Well, south- 
eastern end of Growler Valley, south end of Puerto Blanco Mountains, Gray’s Ranch, and 
Quitovaquita. Numerous plants supplied food, the chief of which was Franseria ambrosioides. 

Perognathus amplus taylori. Prima Pocxer Mouse. Found in fair numbers, 
after the middle of March, where suitable conditions existed. These were primarily amid the 
creosote bushes that were growing in sandy or semi-sandy soil on reasonably level ground, 
and not near mesquite thickets or large washes. Such conditions were found near Copper 
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Mountain in the Valley of the Ajo, near Bates Well, and in the open drier sections of the 
Sonoita Valley near Gray’s Ranch. In all, 37 specimens were collected. Earliest and latest 
dates of capture were on March 17 and Nov. 26. By the latter date, hibernation had started 
for most individuals. 


Perognathus baileyi baileyi. Battey Pocket Mouse. Active throughout the year, 
but never found in numbers. Its choice of habitat is amid the creosote bushes, in drier, 
mesa-like locations, where the soil is often filled with pebbles. Occasionally a specimen may 
be captured on silty ground amongst mesquites, but this is the exception. Seven specimens 
were collected in four localities, namely Alamo Canyon, near Copper Mountain, Growler 


Mine and Gray’s Ranch. 


Perognathus penicillatus pricei. SAND Pocker Mouss. Abundant on the more 
level sandy valley floors, in sparse mesquite-palo verde growth. Of 29 specimens preserved, 
the greater number were captured in the vicinity of Gray’s Ranch, though smaller numbers 
were captured at the following places: Growler Mine, Alamo Canyon, Cipriano Well, Rancho 
Bonito and Bates Well. 


Perognathus intermedius intermedius. Rock Pocxer Mouse. Every rocky 
slope or stone-studded plateau, and every mountain range where the least vestige of annual 
growth could be found in the rocky crevices, was heavily populated with this mouse. Four 
collecting localities, which permitted trapping operations in such territory, were Growler 
Mine, Quitovaquita, Alamo Canyon, and Bates Well. In all, 35 specimens were preserved 
and many more were damaged by the traps and not saved. 


Dipodomys merriami merriami. Merriam KANGAROO Rat. By far the most 
abundant and widespread mammal inhabitant of the Monument. Specimens were taken from 
almost every trap line set over sandy, brushy or moderately rocky ground. Only rocky 
outcroppings, mountain tops or very steep, rocky hillsides were without them. They were 
often taken in traps set at the entrance to the burrows of both the Banner-tailed and Giant 
Desert Kangaroo Rats, suggesting joint habitation of the burrows or perhaps expeditions for 
the purpose of purloining the larger animals’ stores. A total of 42 specimens was preserved, 
of which 40 were taken between Feb. 22 and May 11. Eleven of these were pregnant females, 
containing an average of 2.45 foetuses, which is not an especially prolific rate of increase. 
Capture of the pregnant females ranged evenly through the collecting period and offered no 
definite data on the breeding season. 


Dipodomys spectabilis perblandus. BANNER-TAILED KANGAROO Rat. A large 
area along the western alluvial slopes of the Ajo Mountains from the vicinity of Copper 
Mountain south around the extreme southern end of the Valley of the Ajo was found to be 
inhabited by these large pocket rats were found within the boundaries of the Monument. 
Banner-tailed Kangaroo Rats have so far been reported. A small colony was also found 
about a mile northeast of Gray’s Ranch. Seventeen specimens were collected, only one of 
which was a pregnant female. It was taken on March 16 and contained two large foetuses. 
The capture of half grown young, actively foraging on the same date, would indicate either 
a prolonged breeding season or that more than one brood is raised during a season. 


Dipodomys deserti deserti. Giant Desert KANGAROO RaT. Two small areas 
inhabited by these large pocket rats were found within the boundaries of the Monument. 
One is located a mile east of Quitovaquita, near the International Boundary in the Abra 
Valley, and the other lies in the extreme southeastern part of the Growler Valley, about 
three miles southwest of the Growler Mine. Three specimens were collected, which were 
obtained from the Quitovaquita colony in March. 


Onychomys torridus perpaliidus. Yuma Scorpion Mouse. So little is known 
of the habits of Scorpion or Grasshopper Mice, that it is impossible to state in more than 
a superficial way what their particular choice of habitat or association may be. Four specimens 
were taken on the survey and all were captured on dry mesa soil, amid creosote bushes, near 
Gray’s Ranch. They were trapped with oatmeal bait which would indicate that their diet 
includes vegetable as well as insect food. 


Peromyscus eremicus eremicus, Desert WuHiTE-FooTeD Mouse. Twenty-nine 
specimens were taken in four localities out of nine where trapping operations were carried 
on within the Monument: Alamo Canyon, Bates Well, Growler Mine and Quitovaquita. 
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Post-mortem examinations of five females taken during the late winter and spring visits 
revealed this to be the breeding season. 


Neotoma albigula albigula. WHITE-rHROATED Woop Rat. Well distributed 
over the entire Monument, the habitat of this rat included mesquite stumps, old mine 
buildings, tunnels, cactus patches and, especially, rock piles and large rock outcroppings on 
the mountainsides. Thirty-one specimens were taken from six localities. Three females taken 
in February were not pregnant. Of six taken in March, one contained two foetuses and two 
others three each. No pregnancy was found in the five specimens taken during November 
or December. {The Organ Pipe Cactus National Monument is so situated as to embrace 
the westernmost limits of the range of Neotoma albigula albigula and the easternmost limits 
of that of the lighter-colored Neotoma albigula mearnsi. Intergrades tending towards the 
latter form were occupying the valley floors, while the darker-pelaged specimens, whose 
affinities leaned towards the former form, were taken from the more elevated localities in 
the mountain ranges. Neither populations were typical of their respective races, so all are 
here listed as Neotoma albigula albigula, to which all of the specimens most nearly approach 
in characters. } 


Neotoma lepida harteri. Ayo Woop Rat. Two specimens were taken from traps 
set on Feb. 28 amid boulders on a hill that lay just north of the Growler Mine. Only one 
of this pair was preserved. The other was partly destroyed by cannibalistic wood rats. This 
is the only locality in which a specimen of the lepida group was taken, and it marks the 
southern limits of the range of N. /. harteri. 


Lepus alleni alleni. ANTELOPE JAck Rassit. The writer’s assistant, Philip Lichty, 
saw one two miles west of Quitovaquita on March 6 and two near Gray’s Ranch on May 13, 
but was unable to secure any of them. This general region is the westernmost limit of the 
Antelope Jack Rabbit’s range in Arizona. Both Mr. Gray and José Juan, the Papago 
Indian living at Quitovaquita, informed the writer that these large rabbits were rather 
common a few years ago but lately had almost disappeared, due, no doubt, to rabbit plague. 


Lepus californicus deserticola, Desert Jack Rassit. Found over the greater 
part of the plains or valley floors of the Monument. Two specimens were collected, one at 
Rancho Bonito in the Abra Valley and the other in the southeastern corner of Growler 
Valley. Comparison of these with examples of the races that occupy regions east and west 
of the Monument reveals them to be non-typical of either, but nearer the western race. 


Sylvilagus audubonii arizonae. ArIzoNA CorrontTaiL. Fairly common along 
the wooded washes near Bates Well, Quitovaquita, Rancho Bonito, Gray’s Ranch and in 
the mouth of Alamo Canyon. Two taken at Bates Well during November were preserved. 


Pecari angulatus sonoriensis. Peccary or JAVELINA. Not uncommon over the 
more level portions of the Monument, but extremely shy. Fresh tracks were seen at Gray’s 
Ranch, Rancho Bonito, Alamo Canyon wash, Bates Well and west of Growler Mine. On 
Dec. 1, at Rancho Bonito, Charles Harbison, my assistant during the fall visit, was returning 
to camp about mid-day, when he came upon an old sow and two tiny pigs. His approach 
had apparently startled the mother and she was seen rapidly running away, in spite of her 
vociferous young which could not keep up with her. The two baby Javelinas were gathered 
into a butterfly net and brought to camp where they were tended with gentle care. But one 
died on Dec. 2 and the other on the 11th. These two little pigs were extremely interesting, 
and the one that lived longest became so attached to Harbison that it would follow him all 
about the camp. 


Odocoileus hemionus subsp. Mute Deer. Three reports of deer were made 
to me by Mr. Gray, though I never saw one myself. The first was shortly after I had 
established camp at Bates Well in early April, when Gray rode into camp and presented me 
with a deer’s tail. He had found the remains of the animal a few days before in the Valley 
of the Ajo, where poachers had made a kill and left the hide behind. During November 
Gray saw a large buck when riding between Bates Well and Rancho Bonito; and again two 
large does were seen by him when riding range along the mesquite-filled wash west of Alamo 
Canyon. 

Antilocapra americana americana. PRONGHORN ANTELOPE. Antelopes are 
known to live in limted numbers over the deserts west of the Monument. Within its 
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boundaries, two were seen near Cipriano Well on March 1 by Mr. and Mrs. Gray. When 
passing this locality four days later, I found freshly used beds and fecal matter where two 
antelopes, probably the same ones, had rested in the sandy road since the Grays had driven 
over it. When I returned in the fall, I learned that Indians had killed an Antelope near 
Quitovaquita during the summer; but I could not determine with certainty whether the animal 
had been killed in the Monument or in Mexico. 


Ovis canadensis subsp. BrGHORN or Mountain SHEEP. Mountain Sheep were 
reported by several persons as occurring on all the higher ranges within the Monument. Beds 
in caves used by sheep and quantities of fairly fresh fecal matter were found and examined 
by the writer on the Ajo Mountains and on the rocky peaks lying north of Rancho Bonito. 
Near the summit of the latter mountains, Harbison discovered a partial skeleton of a five or 
six year old ram in a cave. The skull and horns were well preserved and were saved as a 
specimen. However, the exact form of this sheep is not known to the writer, as specimens of 
the three forms that are found in this general desert region have not been available for 
comparison. 


BIRDS 


Colymbus dominicus bangsi. Mexican Grese. A single specimen was collected 
on April 28 from the small pond at Quitovaquita and constitutes one of the few Arizona 
records for the species. When first seen this tiny swimmer ducked into the sheltering branches 
of a partly submerged willow tree, and at the same moment issued a rather loud alarm call. 


Ardea herodias treganzai, TrEGANZA or Partin Great Brure HERON. An 
individual, or perhaps one of a pair, was seen flying away from the pond at Quitovaquita 
several times during our stay in March. 


Nycticorax nycticorax hoactli. BLAcK-crowNED NIGHT Heron. Seen and heard 
several times about the pond at Quitovaquita. On April 28 two were flushed from their day 
roost in a large heavily-leaved cottonwood tree that was growing on the edge of the pond. 


Plegadis guarauna, WuiTE-FAceD Grossy Isis. First observed as a migrant at 
Quitovaquita, where, on April 28, three individuals were flushed from the pond. The next 
day 11 were seen. 


Mareca americana. BALppATE. Three were flushed from the pond at Quitovaquita 
at an early hour on the morning of March 6. 


Dafila acuta tzitzhoa. AMERICAN PinTAIL. Two pairs were in the midst of a mixed 
flock of ducks that flushed from the pond at Quitovaquita when we drove in on March 4. 


Nettion crecca carolinense. GREEN-WINGED TEAL. Three pairs were in the 
above-mentioned flock and a single pair was seen at the same pond upon our return on 
April 28. 

Querquedula cyanoptera, CINNAMON TEAL. A pair was in the flock of ducks 
mentioned above, but the greatest number seen was on March 6, when 16 individuals flew 
up from the pond. Cinnamon Teals were not found on our return visit. 


Spatula clypeata. SHOVELLER. First seen at Quitovaquita on March 4, when a 
single pair was found in the mixed flock of ducks seen on that day. On April 28 two pairs 
were present. A lone female frequented a small reservoir during our stay at Gray’s Ranch, 
March 19-22, and was said by Mr. Gray to have been there for three weeks previously. 

Cathartes aura teter, WESTERN TURKEY VULTURE. Common and seen every day 
during the early and late spring visits to the Monument, but were entirely missing during 
the Nov.-Dec. visit. 

Coragyps atratus atratus. Brack Vutture. A flock of over 200 was seen at 
Quitovaquita circling high into the air on March 6. After gaining elevation they passed out 
of sight towards the northeast, but were seen returning an hour later. 

Accipiter striatus velox, SHARP-SHINNED Hawk. Not uncommon as spring or 
fall migrants, and a few remain through the winter. A specimen was taken at Quitovaquita 
on May 1 and another at Bates Well on Nov. 20. 


364 San Dreco Society oF NATURAL History 


Accipiter cooperii cooperii. Cooper Hawk. Regular migrant, with a few 
remaining during the winter. May also nest, as a bird or a pair of birds was seen with 
almost daily regularity not only at Quitovaquita but also at both Alamo Canyon and Gray’s 
Ranch during our April-May visit. 


Buteo borealis calurus, WESTERN RED-TAILED HAwK. Common in the Monument 
and observed on every visit and at all collecting stations. Several nests were found, placed 
in branching giant cactus. Laying apparently starts about the beginning of March, as a nest 
examined on March 4, near Cipriano Well, was lined with fresh grass and yucca leaves, ready 
for eggs. 


Buteo albonotatus. Zone-TAILED Hawk. On the afternoon of May 9, at our 
camp 2 miles east of Dowling Well, a Zone-tailed Hawk flew directly over my head as I 
sat preparing specimens. Before I could pick up my gun it had passed out of range. Another 
Zone-tail, or perhaps the same one, was seen flying over the mesquites at Gray’s Ranch on 
the afternoon of May 13. This locality is about five miles east of the first-mentioned station 
and quite within the hunting range of a single pair of these hawks. 


Parabuteo unicinctus harrisi, Harris Hawk. One was unmistakably seen on 
March 23 at Gray’s Ranch. 


Aquila chrysaetos canadensis. GoLDEN EaGLe. Two pairs were known to be 
living in the Monument and were often seen. One of these had its headquarters in the range 
north of Rancho Bonito and coursed the Abra Valley; the other lived in the northern end 
of the Ajo Mountains and hunted over the Valley of the Ajo. 


Circus hudsonius. Marsy Hawk. Recorded over the Monument on all three of 
the visits, wherever open flat areas existed. At Quitovaquita, during the latter part of April, 
a Marsh Hawk was seen almost daily, which probably had its nest in the bottom lands 
bordering the Sonoita River just below the International Boundary. 


Falco mexicanus. PRarriE FALCON. Seen at Gray’s Ranch on March 21 and 23— 
on the latter occasion stooping at a brood of half-grown fowls. A pair was also seen at the 
entrance of Alamo Canyon. They were preying on doves during our stay in April-May. 
When a kill was made the falcon was seen to disappear to the southward over the mountain 
crest, no doubt to a nest full of young on some precipitous canyon wall. 


Falco sparverius phalaena. Desert Sparrow Hawk. A common resident. Its 
chief habitat was amongst the giant cactus, whose tall trunks offered not only splendid vantage 
points from which to watch for prey, but also provided nesting sites in the shape of either 
natural cavities or suitable woodpecker holes. Occupied nests were found during the 
April-May visit. Two specimens were secured. 


Lophortyx gambeli gambeli. GamsBet Quart. Common wherever suitable cover 
for its protection was to be found. Eight specimens were taken. Early in March, the males 
were heard voicing their single-noted nuptial call and this continued even after the first of 
May. At Rancho Bonito, during the evening of May 1, a quail kept up his nuptial call until 
after we went to bed at 10:30. On May 6, at Alamo Canyon, several families of newly 
hatched quail were seen along the mesquite-filled arroyo beyond the mountain’s base. On 
that day, too, a female quail was flushed from her nest containing 12 incubated eggs. 


Fulica americana americana. AMERICAN Coot. A single Coot came into the pond 
at Quitovaquita during the night of March 6 and stayed until we left the locality on March 
9. When we visited Quitovaquita in late November, a number of pieces of Coot skin with 
feathers attached, probably the victim or victims of a local hunter, were found scattered about 
the pond, thus establishing the species as a fall migrant. 


Oxyechus vociferus vociferus. KiLLpEER. About a dozen Killdeer lived about 
Quitovaquita, where conditions were ideal for them. They were found at this locality each 
time we visited it. 

Capella delicata. Wirson Snipe. During our stay at Quitovaquita, March 4-9, 
from one to five Wilson Snipe could be found near the shore of the pond at any time. Upon 
our return visit, on April 28, a single bird was present, and it was still about on May 1 
when we left. This species was not found during our visit in November. 
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Actitis macularia, Sporrep SANDPIPER. Observed but once, when two birds were 
flushed from the pond upon our arrival at Quitovaquita on April 28. 


Tringa solitaria solitaria, EASTERN SOLITARY SANDPIPER. Two of six Solitary 
Sandpiper specimens, taken from the pond at Quitovaquita between April 28 and 30, were 
of this form. 


Tringa solitaria cinnamomea. WESTERN SOLITARY SANDPIPER. Four of the 
above-mentioned specimens collected at Quitovaquita proved to be of the western race of 
Solitary Sandpiper. , 


Catoptrophorus semipalmatus inornatus. WESTERN Witter. On April 28, 
when we drove past the pond at Quitovaquita, a bunch of 27 Western Willets flew up. Next 
morning they were gone. 


Totanus melanoleucus. GREATER YELLOWLEGS. On the evening of March 6, 
when I was passing the pond at Quitovaquita en route to the spring to fill the water buckets, 
I flushed a lone Greater Yellowlegs. This proved to be the only record for the Monument. 


Erolia minutilla, Least SANpDprpEer. About a dozen were probing the mud on the 
edge of the pond at Quitovaquita when we arrived on March 4. During the next three days 
the number varied from three or four to eight or nine. These were the only times the species 


was observed. 


Himantopus himantopus mexicanus, BLACK-NECKED STILT. A single Black- 
necked Stilt was wading in the pond at Quitovaquita when we arrived on April 28. On 
April 29 another one joined company with it and both were present when we left on May 1. 


Steganopus tricolor, Wirson PHALARopE. On April 28 there were six Wilson 
Phalaropes on the pond at Quitovaquita and one was collected. Two more were collected on 
April 30, the last date they were observed. 


Zenaidura macroura marginella. WersteERN Mourninc Dove. One of the 
commonest birds of the Monument. A few had been seen at each camp on the first visit, but 
when we reached Bates Well on April 20 the dove migration was in progress and thereafter 
we encountered them abundantly at every point that we visited. By far the greatest number 
was seen when we were camped in Alamo Canyon between May 2 and 8. In over 30 years 
of ornithological observation, the writer had never seen such a concentration and parade of 
Mourning Doves. A general tapering down in number was noticed after May 3, as the 
migrants departed. Nests of the residents were found quite numerously at this time. 


Melopelia asiatica mearnsi, WESTERN WHITE-wINGED Dove. This dove is 
perhaps the most conspicuous bird in the cactus belt. The first arrival was seen at Bates Well 
on April 23. After this date they increased in abundance until, at the end of our stay in May, 
they were fairly abundant. Our departure came before they had occupied nests, but the 
mated pairs had selected their territory and were proclaiming their presence vociferously, 
The tops of tall giant cacti were their favorite “cooing” perches, and I often watched the 
males spinning around on these limited stamping grounds. They reminded me of male 
domestic pigeons, when they turn around and around on the small landing platforms of their 
cotes as they make love to their mates. 


Columbigallina passerina pallescens. Mexican Grounp Dove, A single 
specimen was collected at Gray’s Ranch on May 12, which was the only record. This small 
dove is known from localities both east and west of the Monument, where more moist 
conditions prevail, and in all probability it nests regularly along the Sonoita River bottom 
just below the Boundary. 


Geococcyx californianus. ROAD-RUNNER. Not uncommon in the Monument and 
recorded at every station from its peculiar tracks in fresh wind-blown sand or silty soil. A 
bird in Alamo Canyon was heard daily, during our April-May visit, uttering its. descending 
mournful song. A specimen was collected on Dec. 3 at Rancho Bonito. 


Otus asio gilmani. SaHuARo ScrEECH Ow. Never common, but evenly distributed 
throughout the giant cactus area. The tremulous song was heard at every camp. Four 
specimens were collected. During daylight hours these owls usually resorted to old woodpecker 
holes or natural cavities in the giant cactus or desert trees. An exception was a bird discovered 
roosting in a’ mesquite tree in the southern end of Growler Valley on Dec. 10. 
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Bubo virginianus pallescens. WESTERN HornepD Ow. We never seemed to be 
out of ear-shot of Horned Owls at any camp, but seeing this elusive bird was quite another 
matter. Only once did I have an opportunity to collect one, when an adult female was 
flushed from its day roost in a dense mesquite at Rancho Bonito on Dec. 1. 


Micropallas whitneyi whitneyi. Arizona ELF Owr. The first observation of 
this tiny owl was on May 2 at Alamo Canyon. After this date Elf Owls were recorded each 
evening that we were camped in the vicinity of giant cactus. It was here that they could find 
nesting sites or daytime retreats in old woodpecker holes. When we went “Jack-lighting” Elf 
Owls, we usually located the birds by hearing their single call note, then found them perched 
on a limb, sometimes well into the center of the tree. Sometimes when the beam of light first 
struck the owl, it would burst forth with an excited chattering, revealing its whereabouts 
promptly. Six specimens were secured. 


Speotyto cunicularia hypugaea. WesTERN BurRRowING OWL. The unmis- 
takable calling of a Burrowing Owl was heard during the evening of Dec. 10, when we were 
camping in the southern end of Growler Valley. 


Asio wilsonianus. LoNnc-EARED OwL. On Dec. 10, while I was hunting in the 
southeastern end of Growler Valley, three Long-eared Owls were flushed from their day roost 
in a small grove of mesquite trees and one was collected. 

Phalaenoptilus nuttalli adustus. Sonora Poor-witt. During the early summer 
visit, Poor-wills were found at every camp. At Bates Well they were abundant and specimens 
collected there proved to be breeding. At Gray’s Ranch, a series of low rocky hills provided 
ideal habitat for Poor-wills. At least two pairs occupied this territory and on May 12 a pair 
with two nearly grown young was located exactly on the International Boundary line. 


Chordeiles acutipennis texensis. Texas NicHTHAwK. The first Texas Night- 
hawk recorded for the season was seen at Quitovaquita on the evening of March 8. This 
bird was the vanguard of a host to follow, for later the species was a common breeder. One 
specimen was collected at Gray’s Ranch on May 14. 

Chaetura vauxi. Vaux Swirt. The first observation of the northward migration of 
the Vaux Swift was a lone individual on April 23 at Bates Well. Two more were seen, of 
which one was collected, on May 6 near the mouth of Alamo Canyon. 

Aeronautes saxatalis saxatalis. WHITE-THROATED SwiFt. The steep cliffs of the 
walled canyons of the Ajo Mountains provide an ideal home for the White-Throated Swift. 
It was observed several times in Alamo Canyon both in spring and in winter. On Dec. 14 
the sight was truly spectacular. The higher air was fairly teeming with White-throated Swifts 
—hundreds and hundreds of them, darting about capturing insects that had been carried 
from the canyon by an up-draught of wind. 

Calypte costae. Costa Hummincsirp. The abundant growth of spring flowers 
during the 1939 season was most propitious for the presence of this hummingbird, and it was 
found on each of our visits. Specimens were taken in February, March and December. At 
Quitovaquita on March 7 a female was seen engaged in building operations, and a nest 
containing two fresh eggs was found in Alamo Canyon on May 5. In early May, too, many 
young of the year were observed feeding among the flowers. The presence of these juveniles 
and the finding of nests with fresh eggs at the same time gave rise to speculation as to whether 
there had been a double nesting program for this region that year or whether perhaps some 
pairs had been disturbed earlier in the flats below and had moved up into the canyon to 
try again. 

Calypte anna. ANNA Humminasirp. Two specimens were taken in Alamo Canyon 
on Dec. 14 and 18. Both were young birds, hatched the previous spring, and illustrate the 
vagrant habits of first year birds. 

Selasphorus rufus. Rurous Hummincsirp. A male was collected in Alamo 
Canyon on March 17. This date corresponds with the time Rufous Hummingbirds pass in 
migration along the Pacific coast. Two other Rufous Hummingbirds were observed in Alamo 
Canyon, one on March 14 and the other on March 16. 

Megaceryle alcyon caurina, WESTERN BELTED KINGFISHER. A lone Belted 
Kingfisher was seen about the small pond at Quitovaquita on April 28. A second observation 
of a Kingfisher on May 2 in dry Alamo Canyon was very surprising. Its rattling call as it 
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flew up the wash attracted the attention of a Western Kingbird, which vigorously attacked it. 

Colaptes cafer collaris. RED-SHAFTED FLICKER. Seen sparingly during the winter. 
It was collected at Bates Well on Nov. 16 and was noted at each camp during the Nov.-Dec. 
visit. The latest date of record was Feb. 24, at Growler Mine. 


Colaptes chrysoides mearnsi, Mearns GILDED FLICKER. Common resident; 
eight specimens collected. The population centered in the giant cactus belt, where not only 
were nesting sites available, but protected retreats in which to roost. 

Centurus uropygialus uropygialus, Gita Wooppecxer. To the Gila Wood- 
pecker may go the credit of being the noisiest resident of the Monument. Gilas share the 
giant cactus belt with the Gilded Flickers, but, unlike the flickers, the Gilas prefer the 
proximity of man. Wherever there is an adobe house, a well or a corral, there is surely to 
be found a pair of Gilas. Five specimens were collected. 


Sphyrapicus varius nuchalis. Rep-NAPED SapsUCKER. During the Nov.-Dec. visit, 
three specimens were taken, one each at Bates Well, Quitovaquita, and Alamo Canyon. All 
were females. The species was thus established as a winter visitant generally through the 
Monument, where trees of sufficient size for its needs were growing. 


Dryobates scalaris cactophilus. Cacrus WoopPECKER. Met with frequently 
and specimens taken in February, March, November and December. Its habitat was most 
generally found to be amongst the ocotillos on the drier hill-slopes, though at times it foraged 
through the mesquites that grew along the washes. Several old nest cavities were found 
drilled in the blossom stems of Spanish bayonet, which in the writer’s experience is the most 
favored nesting site of the Cactus Woodpecker. 

Tyrannus verticalis, WesTeRN Kinapirp. Fairly abundant during the spring 
migration, but after the wave had passed only a few pairs remained. A breeding pair was 
found at each of the following localities during the April-May visit: Bates Well, Quitovaquita, 
Rancho Bonito, Alamo Canyon and Gray’s Ranch. One specimen was taken at Bates Well 
on April 22. 

Myiarchus tyrannulus magister. ARIZONA CRESTED FLYCATCHER, The first 
Arizona Crested Flycatcher was seen perched on top of a giant cactus near the mouth of 
Alamo Canyon on May 6. From this date on, they were found fairly commonly throughout 
the sahuaro association. Four specimens were collected. Near Gray’s Ranch, on May 11, a 
pair was seen flying in and out of a woodpecker hole in a tall giant cactus. They appeared 
to be building their nest. 

Myiarchus cinerascens cinerascens. ASH-THROATED FLYCATCHER. Found along 
the mesquite-lined washes throughout the year, although there is an increase in numbers 
during the spring and summer. Any cranny in the trunk of a tree or old woodpecker hole 
in a cactus serves as a nesting site. Specimens were collected on each of the visits. 


Sayornis nigricans nigricans. BLack PHorse. At the various cattle troughs and 
at Quitovaquita, one was certain to find a lone Black Phoebe, during the winter, catching 
insects over the water. A specimen was taken at Bates Well on Feb. 28. 


Sayornis saya saya. Say PHoese. Seen about rocky canyons and on open cactus- 
covered. tracts, being more numerous in the winter. Specimens were taken in March and 
November. During our February stay at Bates Well an individual came regularly each 
evening at sundown to roost in a tunnel. During the April-May visit two occupied nests were 
found in old wells—one near Quitovaquita and the other near Dowling Well. 


Empidonax hammondi. Hammonp Frycatcuer. A single individual was collected 
in Alamo Canyon, on May 2. No doubt this flycatcher passes through the Monument 
regularly on migrations. 7 

Empidonax griseus. Gray FLycaTcHER. Found only during a short period in late 
fall and at one locality, namely Bates Well. Here, on Nov. 17, 22 and 23, a specimen was 
taken each day. They were encountered singly on the drier fringes along the mesquite-lined 
washes, and were very wild. No doubt the species was southward bound and would have 
been met at other similar places during the same period. 

Empidonax difficilis difficilis, WESTERN FrycaTcHEer. Abundant spring migrant 
and found commonly through the mesquites at all stations visited between April 24 and 
May 12. A number of specimens was taken between these dates. ; ‘spe 
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Myiochanes richardsoni richardsoni, WersTERN Woop Pewee. Seen at Alamo 
Canyon on May 5, 7, 8 and 9, and one specimen taken on the first date. 


Pyrocephalus rubinus flammeus. ARIZONA VERMILION FLYCATCHER. Found 
sparingly along the southern boundary of the Monument. One specimen was collected. A 
handsome male at Quitovaquita claimed all insect-catching rights over the small pond and 
tried continuously to chase away a Black Phoebe that was wintering there. Nesting pairs 
were observed at both Gray’s Ranch and Quitovaquita during our late spring visit, and at 
Gray’s Ranch the dainty nest was located, on May 10, typically situated about 14 feet above 
the ground on a horizontal fork of a large mesquite. It was well within the tree, protected 
from the hot sun, and contained two tiny nestlings, which were constantly attended by both 
parents. 

Tachycineta thalassina lepida. VIOLET-GREEN SWALLOW. Observed in migration 
at Quitovaquita on March 4, when numbers were seen coursing over the fields and over 
the pond. 

Iridoprocne bicolor. Tree Swattow. A number seen at Quitovaquita during our 
first visit. One specimen was collected there on March 6. 


Stelgidopteryx ruficollis serripennis, ROUGH-wINGED SwALLow. Rough-winged 
Swallows of both sexes were collected at Quitovaquita on April 28 and at Gray’s Ranch on 
May 13. The presence of apparently mated pairs coursing over the fields at Gray’s Ranch 
in mid-May seemed ample evidence that the species was nesting in the vicinity—in all 
probability along the banks of the Sonoita River just below the Boundary. 


Hirundo erythrogaster. BarN SwaLLow. Seen in company of other species of 
migrating swallows during late April and early May at both Quitovaquita and Gray’s Ranch. 


Petrochelidon albifrons albifrons. NorTHERN CLIFF SwALLow. Seen feeding 
abundantly over the fields about Quitovaquita and Gray’s Ranch after the migrating flocks 
had passed, thus offering evidence that nesting colonies lived not far distant. One specimen 
taken. 

Aphelocoma californica woodhousei. WoopHouss Jay. One female, collected 
on Nov. 18 at Bates Well, and another bird seen on the following day at the same locality 
constituted the only records. 


Corvus corax sinuatus. AMERICAN RAvEN. Several pairs were resident within the 
Monument and a bird or pair of birds was seen almost every day during all visits made. A 
single specimen was collected at Alamo Canyon on Dec. 14. It was caught in a trap set 
for coyotes. 

Auriparus flaviceps acaciarum. ARIZONA VERDIN. Resident throughout the 
Monument wherever mesquite trees were growing, and several specimens collected. The small 
globular nests were kept in repair and used for roosting during all seasons. 


Troglodytes domesticus parkmanii. WESTERN House WreEN. Fairly common 
winter visitant. Several specimens were taken. The latest spring record was at Quitovaquita 
where a bird was shot on March 4, and the first winter record was a specimen collected at 


Bates Well on Nov. 17. 


Thryomanes bewicki eremophilus. Barrp Wren. A single female specimen 
was taken at Bates Well on Nov. 20. Baird Wrens are regular, though not common, winter 
visitors to the southwestern deserts, and had more time been spent in the Monument during 
the colder part of the winter season, there would perhaps have been more observations of 
this species. 

Heleodytes brunneicapillus couesi. NorTHERN Cactus WRrReEN. Not as abun- 
dant as would be expected. Their choice habitat amongst the cholla cactus was occupied 
commonly by Palmer Thrashers and the competition appeared to be too much for the wrens. 
The greatest abundance was about Rancho Bonito, where old nests were seen in the crotches 
of giant cactus, mesquite trees and cholla cactus. This bird, like the Verdin, keeps a nest in 
full repair at all times for roosting and but a single bird occupies the roosting nest. Four 
specimens were collected. 

Telmatodytes palustris plesius. WersTERN MarsH Wren. A single male 
specimen was collected at Quitovaquita on March 7. Two others were seen at the time, 
marking the only occurrence of the species that came under our observation. 
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Catherpes mexicanus conspersus. CANYON WREN. Present wherever cliffs or 
steep canyon-sides existed. One specimen was collected near Bates Well on Nov. 15. A 
nest was found, located in a crevice in the face of a cliff, in Alamo Canyon on March 12. 
The contents could not be seen, but the actions of the parents indicated young. 


Salpinctes obsoletus obsoletus. Rock Wren. The most generally distributed 
wren in the Monument. It was found inhabiting canyon-sides and even well out along washes 
that issued from rock-bound canyons. Three specimens were taken. 


Mimus polyglottos leucopterus. WesTERN Mockinosirp. Present in fair num- 
bers wherever there was sufficient cover. Three specimens were taken. A nest with three 
eggs, situated in a dense fruitea bush, was found near Gray’s Ranch on May 11. 


Toxostoma curvirostre palmeri. PALMER THRASHER. Found nesting in numbers 
within the Monument. The area marks the westernmost limit of its breeding range and to 
find it so abundant was remarkable. Evidently the number was nothing irregular, for almost 
every cholla cactus of any size held an old nest, indicating the continued abundance of the 
species for many years. The nesting season is of long duration for desert birds. A pair was 
seen building a nest at the Growler Mine on Feb. 24 and a nest with eggs was found in Alamo 
Canyon on May 2. At this latter locality during our first visit in March several occupied 
nests were located. These thrashers appear to be resident and to remain paired, for during 
the Nov.-Dec. visit pairs were found in about the same general vicinity that they had occupied 
and nested in during the spring. A number of specimens was secured. 


Toxostoma lecontei lecontei. LECONTE THRASHER. A very wild, shy bird, which 
was twice observed, once on Feb. 22 about four miles west of Growler Mine, and again on 
Nov. 26 about eight miles north of Cipriano Well. Both were in the creosote bush 
association. 

Toxostoma dorsale dorsale. CrissAL THRASHER. Found in several places—Bates 
Well, Quitovaquita, along the large wash in the Valley of the Ajo, along the well-wooded 
washes about Gray’s Ranch and at the south end of the Puerto Blanco Range. Specimens 
were taken in March, April, November and December. The nesting season commences 
early. On March 5 a nest containing one fresh egg was found at Quitovaquita, and on 
April 25, at Bates Well, a fully feathered bird of the year was collected. The tail and flight 
feathers were completely grown out and the bird was already on its own, unattended by 
either parent. 

Oreoscoptes montanus. Sacer THRASHER. A winter visitant. Specimens were 
taken at Rancho Bonito on Dec. 7 and at Gray’s Ranch on March 22. 


Turdus migratorius propinquus. WESTERN Rosin. When I visited Bates Well on 
Feb. 22, a flock of over 200 Western Robins was there, and two were collected. They were 
feeding on mistletoe berries. The species was last seen in the spring when we left Growler 
Mine on March 4. Upon our return on Nov. 15, a lone Robin was seen near Bates Well 
and two others at the same locality three days later. Another single Robin was seen at Rancho 
Bonito on Dec. 1. 

Hylocichla guttata guttata. ALaska Hermit TurusH. A Single female was col- 
lected at Bates Well on Nov. 25. 

Hylocichla guttata slevini). Monterey Hermit THRusH. On April 22, at Bates 
Well, two small, pale-colored thrushes were seen and one was collected. It proved to be a 
Monterey Hermit Thrush and is the only spring hermit thrush record. 

Hylocichla ustulata ustulata. RusseT-BACKED THRUSH. During the period of 
May 5-8, numbers of Russet-backed Thrushes were present in Alamo Canyon, and six 
specimens were collected, all males. The migration wave of this species is usually of very 
short duration. 

Myadestes townsendi. TowNnseNnp Soritarre. A lone Townsend Solitaire was 
collected on March 15 at Alamo Canyon. 

Polioptila caerulea amoenissima. WESTERN GNATCATCHER. Found commonly 
as a winter visitant during the Nov.-Dec. visit and three specimens taken. 

Polioptila melanura lucida. ArIzONA BLACK-TAILED GNATCATCHER. The common 
resident gnatcatcher and found at every station visited. Four specimens taken. It nests early 
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and after the first week of April family parties were found scattered through the mesquites. 
A nest tucked. in a clump of dead mistletoe was found on April 22. The three young were 
all ready to leave and did so when I looked in. 


Corthylio calendula calendula, EAstERN RuBy-CROWNED KINGLET. Observed 
or collected, as a winter visitant, in many localities. Extreme dates of capture were Nov. 15 
and April 24. 


Bombycilla cedrorum. Crepar Waxwinc. A single specimen was collected on 
Nov. 30 at Quitovaquita. This proved to be the only waxwing seen or heard. 


Phainopepla nitens lepida. PHaiNopEPLA. Abundant and present at all seasons. 
Four specimens were collected. During the spring visits many nests were found. The hatching 
season was from the middle of April until the end of the first week of May. Both parents 
incubate the eggs and care for the young. 

Lanius ludovicianus sonoriensis. SoNorA WHITE-RUMPED SHRIKE. This is the 
resident form and it is not common. Two specimens were taken in March and two in 
November. During the spring visits, it was seen at only three scattered localities, a pair at 
each. These were: Quitovaquita, near Rancho Bonito, and near the south end of the Puerto 
Blanco Mountains. 

Lanius ludovicianus gambeli. CaLirFoRNIA SHRIKE. During our winter visit, in 
Nov.-Dec., the Monument was found to be fairly well populated with visiting shrikes from 
the north. However, they were extremely wild and but two specimens were collected. 


Vireo belli arizonae. ArtzoNA LEAST VLREO. On May 10, at the station located 2 
miles east of Dowling Well and about 50 yards north of the Mexican Boundary in Sonoita 
Valley, an Arizona Least Vireo, in full song, came into camp and was collected. This 
represented the only occurrence of this vireo within the Monument. 


Vireo solitarius cassini, Cassin Vireo. The collecting of three female specimens, 
two at Bates Well on Nov. 16 and 20 and the other at Rancho Bonito on Dec. 2, would 
indicate that these birds were wintering in the Monument. 


Vireo gilvus swainsoni, WESTERN WARBLING VirEO. Among the most abundant 
spring migrants through the mesquites along the desert washes. The first one taken for the 
season was at Bates Well on April 22, and from that date the species was seen at every 
station and on almost every day until we left the Monument on May 14. 


Vermivora celata orestera. Rocky MOUNTAIN ORANGE-CROWNED WARBLER. 
Two specimens were taken at Bates Well on April 21 and 26. 


Vermivora celata lutescens. LuTESCENT WARBLER. Two specimens, collected 
in Alamo Canyon on March 15, were among the vanguard of the host of migrating warblers 
that was soon to follow. 


Vermivora luciae. Lucy Warsier. A fairly common breeder in the mesquite 
association. The first specimen for the season was collected at Gray’s Ranch on March 22 
and apparently had but recently arrived from its southern wintering grounds. Three nests 
were found during early May. At that time, the three young which each nest held were 
about to leave. : 

Dendroica aestiva rubiginosa. ALASKA YELLOw Wars Ler. A single male of 
this race was taken at Gray’s Ranch on May 12. This date was practically the end of our 
activity in the Monument, which may well account for our failure to obtain other examples 
of this late passing species. 

Dendroica auduboni auduboni. AupuBON WARBLER. Common and widespread 
during the winter and early spring. Specimens were obtained and observations made at all 
points visited in the Monument. The earliest and latest dates of capture were: Nov. 27 at 
Quitovaquita, and April 27 at Bates Well. 

Dendroica nigrescens. BLACK-THROATED Gray WARBLER. Two examples, one 
female at Rancho Bonito on May 1 and another female at 2 miles east of Dowling Well 
on May 9, were taken. 

Dendroica townsendi. TowNsEND WarBLER. First observed on its northward 
journey at Bates Well on April 25, when a bright male was collected. Toward the end ot 
this visit the species was abundant and six specimens were taken between May 6 and 13. 
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Dendroica occidentalis. Hermir WarBLER. Appeared at about the same time as 
the Townsend Warbler, though not nearly so abundantly. Of both species, the males seem 
to arrive first. A full plumaged male, taken at Bates Well on April 22, and a female at 
Gray’s Ranch on May 13, mark the extreme dates of capture. 


Oporornis tolmiei. MacGILtivrAy WARBLER. Found in migration amid the mesquite, 
and three specimens taken, at Bates Well on April 24 and 25, and again observed at 2 miles 
east of Dowling Well on May 9. 


Geothlypis trichas occidentalis. WrsTERN YELLOWTHROAT. At the Quitovaquita 
pond on April 28, 29, and 30, five male Western Yellowthroats were collected. These 
migrants proved to be of this form. 


Wilsonia pusilla pileolata. NorTHERN PILEOLATED WARBLER. Birds of the 
Wilsonia pusilla group were seen from March 15 to May 11. Of eight specimens taken, 
six were of this form. The extreme dates were: a male collected at Bates Well on April 21, 
and a male and female taken at Alamo Canyon on May 6. 


Wilsonia pusilla chryseola. GoLpEN PILEOLATED WARBLER. Two specimens of 
the above-mentioned eight proved to be Wilsonia pusilla chryseola. One was collected at 
Alamo Canyon on March 15, and the other on April 25 at Bates Well. Both were males. 


Passer domesticus domesticus. ENGLIsH SPARROW. Thoroughly established in 
the Monument. Colonies were found at Bates Well, Growler Mine, Quitovaquita and 
Gray’s Ranch. A number of specimens were taken. 


Sturnella magna lilianae. Lian Meapowrark. A single male specimen was 
collected at Gray’s Ranch on March 21 and marks the most westerly record of this race. 


Sturnella neglecta. WESTERN MEADOWLARK. Recorded and specimens collected 
at three localities—at the south end of Growler Valley on Dec. 9, at Quitovaquita on Nov. 
27-29, and March 7-8, and at Gray’s Ranch on March 21. 


Xanthocephalus xanthocephalus. YELLOW-HEADED BLACKBIRD. A single adult 
male was taken at Quitovaquita on April 28. 


Agelaius phoeniceus sonoriensis, SONORA RED-WINGED BLACKBIRD. The first 
specimen, an adult male, collected near the pond at Quitovaquita on March 4. Another 
male was collected at Bates Well on April 21. But the greatest numbers were seen, and 
from the lot a few specimens taken, at Quitovaquita and Gray’s Ranch during the last days 
of April and the first of May. Dissection revealed that they would not have been nesting 
until late May or early June. 


Icterus cucullatus californicus. ARIZONA Hoopep OrIoLe. Common nesting 
birds in the mesquites. First record of arrival from the south was at Gray’s Ranch on March 
23, when a full-plumaged male was taken. Nesting pairs were seen at Bates Well, Alamo 
Canyon, Quitovaquita, Rancho Bonito, 2 miles east of Dowling Well and Gray’s Ranch. 


Icterus bullocki. Buttock Oriorz. Common migrants. Two male specimens were 
taken at Alamo Canyon on March 11 and 17. A single pair was found nesting at Quito- 
yvaquita on April 28. Other Bullock Orioles were seen at 2 miles east of Dowling Well and 
at Gray’s Ranch during late April and early May. 


Cassidix mexicanus nelsoni. NELSON GrREAT-TAILED GRracKLE. On May 14, 
during the last few hours of our summer visit, we saw and collected, in Alamo Canyon, a 
strange black bird at the water-trough. It was sent to Dr. Alexander Wetmore of the 
U. S. National Museum who identified it as of this species. 


Molothrus ater obscurus. Dwarr Cowsirp. First seen and collected at Quito- 
vaquita on April 30. They were then in company of Red-winged Blackbirds. Later they 
were seen at other localities searching for nests of small birds in which to deposit their eggs. 
There were generally three or more individuals in one group, often two males and one female, 
and they were comparatively shy and hard to approach. A female in laying condition was 
taken at Alamo Canyon on May 2. 


Tangavius aeneus milleri. BRonzep Cowsirp. Early on the morning of May 14, 
at Gray’s Ranch, a pair of Bronzed Cowbirds came into a tree near camp. A long shot 
dropped the male, which proved to be in breeding condition. It represents the westernmost 
record for the species. 
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Piranga ludoviciana. WeEsTERN TANAGER. Western Tanagers came through in 
a great wave. The first seen was on April 21 at Bates Well, and they were then recorded 
in increasing numbers at each station visited until we left on May 14. Four specimens 
were secured. 


Richmondena cardinalis superba. ArIzONA CARDINAL. Present at Bates Well 
(2 pairs), Rancho Bonito (1 pair), Alamo Canyon (3 pairs), and south end of the Puerto 
Blanco Mountains (1 pair). A nest, containing three heavily incubated eggs, was found at 
Bates Well on April 22. Several of the pairs found during April and May were still in 
the same location in November and December. Three males were taken. 


Hedymeles melanocephalus papago. Rocky Mountain BLACK-HEADED 
GrosBEAK. Seen as migrants, though may possibly nest in Alamo Canyon. Specimens 
collected there on May 2 and 3, however, showed no signs of breeding, nor did another bird 
taken on May 9 at 2 miles east of Dowling Well. All were feeding on squaw berries (Lycium). 


Guiraca caerulea interfusa. WesTERN BLUE Grossrak. A single specimen was 
taken at Quitovaquita on April 30 and another was seen there on May 1. They were feeding 
in a field of nearly ripened wheat. 


Passerina amoena. Lazuti BuNTING. First seen at Bates Well on April 22 and 
fairly common at Quitovaquita, in the Indian’s wheat field, at the end of the month. The 
last record was of a small migrating flock seen at Alamo Canyon on May 8. Specimens 
were taken on April 22, 24 and 28. 


Carpodacus mexicanus frontalis. House Fincu. Common resident and during 
our spring visit nesting pairs were found at almost every station. A brood of young with 
wings and tails fully grown was found at Alamo Canyon on May 6. During the Nov.-Dec. 
visit, vagrant flocks were observed. Specimens were taken on each visit. 


Spinus psaltria hesperophilus. GreEN-BACKED GOLDFINCH. Seen sparingly in 
small groups during the first visit. At Bates Well, on Feb. 22, five individuals were seen 
drinking from a dripping faucet beneath the water tank. One specimen was collected at 
Bates Well on April 21. A nest was found, containing four young ready to leave, at Alamo 
Canyon on May 7. 


Oberholseria chlorura. GreeN-TAILED ToWHEE. Perhaps the most generally dis- 
tributed winter visitor. While never in concentrated numbers, it was found singly in almost 
every place where vegetation was dense enough to give it shelter. There seemed to be two 
populations that changed places during early spring—those that had wintered in the area, 
and the northbound migrants that invaded the region toward the latter part of April. 
Migration was in progress when we left on May 14 and again when we returned on Nov. 15. 
Specimens were taken both spring and fall. 

Pipilo maculatus montanus, SpurreD TowHEE. A male specimen was collected 
in Alamo Canyon on Dec. 13 and another was seen on Dec. 14. They were wanderers 
from more northerly sections. 

Pipilo fuscus mesoleucus. Canyon TowHEe. Several resident pairs were found 
both at Bates Well and at Alamo Canyon. Specimens were collected at each place, 
establishing the westernmost record for the species in the southwestern deserts. 

Calamospiza melanocorys. Lark BuNtTING. Found as a migrant near Rancho 
Bonito on May 1, when a flock estimated to contain between 150 and 200 birds was seen 
and several specimens collected. During the winter trip a few scattered individuals were 
found in the southeastern end of Growler Valley. .Three specimens were collected there, 
Dec. 10-11. 

Passerculus sandwichensis anthinus. WESTERN SAVANNAH SPARROW. Quito- 
vaquita was the only place that offered any attraction for Savannah Sparrows. Three 
specimens were taken there, all of different subspecies. One of them, collected on March 4, 
was of this form—a far vagrant from the Alaskan coast region. 

‘-Passerculus sandwichensis nevadensis. NEevApA SAVANNAH Sparrow. Another 
of the above-mentioned three specimens, collected on Nov. 29, belonged to the form that 
nests in the Great Basin, not far distant to the north. : 
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Passerculus sandwichensis brooksi. Brooks SAVANNAH Sparrow. The third 
specimen was a rather surprising take, far to the east of its normal coastal range. It was 
collected on Nov. 29 near the pond. 


Pooecetes gramineus confinis, WESTERN VESPER SPARROW. Found as a winter 
visitor in the areas where dry grasses were present or where the galleta grass was growing 
on open flats. Specimens were collected at 2 miles northeast of Bates Well, Quitovaquita, 
the south end of Puerto Blanco Mountains and Gray’s Ranch. Extreme dates were Nov. 
15 and March 20. 


Chondestes grammacus strigatus. WESTERN Lark Sparrow. Resident, though 
in very limited numbers. A pair was seen at Growler Mine on Feb. 24, and another pair 
at Quitovaquita had a nest in a pomegranate grove in the Indian’s garden. Two specimens 
were taken in November. 


Amphispiza bilineata deserticola. Desert Sparrow. Resident and well dis- 
tributed. By the end of March nest construction was well under way. During winter there 
was a great influx from the north, which bunched up with Brewer and Chipping Sparrows 
and wandered over the flats in large flocks. Several specimens were secured. 


Amphispiza nevadensis nevadensis. Nevapa Sacre Sparrow. Very few were 
seen. Dates and localities of the three specimens collected were: Growler Mine, Feb. 27; 
Bates Well, March 2; and Quitovaquita, March 5. 


Amphispiza nevadensis canescens. CALIFORNIA SAGE Sparrow. A single 
individual was taken from a flock of five seen near the springs at Quitovaquita on Nov. 28. 


Junco hyemalis hyemalis. SLaTE-coLoreD JuNcO. A single specimen was collected 
in Alamo Canyon on March 13. The rather steep-walled canyons of the Ajo Mountains, 
with their shrub-filled bottoms and partially chaparraled slopes, were ideal for wintering 
juncos of several species. 

Junco oreganus shufeldti. SHuFELDT JUNCo. The most common junco, and the 
only one found away from sheltered canyons of the Ajo Mountains. Specimens were taken 
at Bates Well in February, March, November and December, and in Alamo Canyon in 
March and December. 


Junco oreganus mearnsi, PINK-sIpED JUNCO. Two specimens were taken from 
different flocks of juncos in Alamo Canyon, one on Dee. 13 and the other on the 14th. 


Junco caniceps caniceps. Gray-HEADED JuNco. Fairly abundant in the Ajo 
Mountains, Six specimens were collected and many more seen. The extreme dates of 
capture were Dec. 13 and March 10. 


Spizella passerina arizonae. WESTERN CHIPPING SPARROW. Fairly common and 
widespread during winter. Found associated with juncos in the Ajo Mountains and with 
Brewer Sparrows at other localities. Two females in breeding condition were taken in Alamo 
Canyon on May 7 and 8, providing evidence that a small nesting population remained where 
conditions were favorable. 

Spizella breweri breweri. BrEwER SPARROW. Found commonly over the open 
creosote bush flats during winter. They were frequently associated with Desert Black-throated 
and Chipping Sparrows, and formed congregations of often over a hundred birds. Extreme 
dates of capture, both at Bates Well, were Nov. 15 and April 22. Other localities where 
specimens were taken were Quitovaquita and Rancho Bonito. 


Spizella atrogularis atrogularis. MexicAN BLACK-CHINNED SPARROW. Two 
specimens were taken in upper Alamo Canyon on Dec. 15, and another in the same locality 
on Dec. 18. They were found in the company of Chipping Sparrows and juncos. 


Zonotrichia leucophrys leucophrys. WHITE-cROWNED Sparrow. In keeping 
with the reputation of this species as a late spring migrant, white-crowned sparrows taken 
on April 25 at Bates Well and on May 12 at Gray’s Ranch were of this form. At this 
latter date almost all the Zonotrichia seen were leucophrys, while those seen on or before 
April 25 were largely gambeli. 

Zonotrichia leucophrys gambeli. Gamset Sparrow. Found wintering commonly. 
It occurred in small flocks foraging in the more densely wooded washes. Earliest and latest 
dates based on specimens, both at Bates Well, were Nov. 15 and April 22. 
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Melospiza lincolni lincolni. Mountain Lincotn Sparrow. Widely distrib- 
buted during spring migration, though never abundant. Their passing was of short duration, 
the first specimen being taken at Bates Well on March 2 and the last at Alamo Canyon on 
March 16. 


Melospiza melodia merrilli, Merritt Sonc Sparrow. So uninviting is the 
Monument to Song Sparrows, that it was with surprise that I shot a specimen at Quito- 
vaquita on Nov. 28. It was found to belong to the race that occupies, during summer time, 
the northern portion of the Great Basin in eastern Washington and Idaho. 


REPTILES AND AMPHIBIANS 


Scaphiopus crouchii. Sonoran SpapEFooT Toap. Two specimens were taken 
from the bottom of a prospect shaft, 10 feet deep, near Bates Well on Nov. 24. 


Bufo alvarius. Gianr Toap. Two were found resting on a floating board in 
the well, 25 feet below the surface of the ground at Rancho Bonito. After considerable 
fishing with an improvised dip net, one was collected on Dec. 8. 


Bufo punctatus, Desert Sporrep Toap. Five specimens were collected from small 
ponds in the creek bed in Alamo Canyon on March 16. Egg-laying had not yet commenced, 
as two pairs were clasping, awaiting either more water in the creek or warmer weather. 
Two immature specimens were collected from a natural tank in Grass Canyon, Ajo Mountains, 
on Dec. 13. 


Bufo cognatus. Great Basin Toap. Four specimens were collected from the irri- 
gated grain field at Quitovaquita, on April 28-30. 


Coleonyx variegatus. WesTERN GECKO. Found by lantern light about 9 o’clock 
on the evenings of May 8 and 9, in a sandy wash 2 miles east of Dowling Well. Also 
found under loose rocks on a damp hillside at Bates Well on Nov. 17 and 24. 


Dipsosaurus dorsalis dorsalis. Desert Crestep Lizarp. One specimen was taken 
from an Atriplex association at Gray’s Ranch on March 22 and another at the same locality 
on May 11. At Quitovaquita, in the mesquite-creosote bush association, two specimens were 
collected on April 29. 


Sauromalus obesus. CHUCKWALLA. Two specimens were taken at Alamo Canyon 
on March 10. These were the first ones seen for the season, and no doubt many more could 
have been taken in the rocky terrain of the Monument during the warmer weather of the 
summer. 


Crotaphytus wislizenii, Leoparp Lizarp. One specimen was taken on a mesquite- 
covered flat at Bates Well on April 25 and another was found in creosote bush-malapai 
association at Gray’s Ranch on May 11. 


Callisaurus ventralis ventralis, Desert ZEBRA-TAILED Lizarp. One of the more 
common species, occurring generally over the open flat terrain of the Monument. In all, 38 
specimens were collected. They were found on pebbly, flat ground, where mesquites and 
creosote bushes were growing, or in sandy washes. The first specimens were collected on 
March 13 and they became progressively more numerous as warmer weather arrived. 
Apparently they had gone into hibernation by November, as they were not represented in 
the early winter collection. 


Uta ornata symmetrica. Arizona Rock Ura. Abundant in almost every locality, 
and active at all times. It was found at every camp, and 46 specimens were taken. At Bates 
Well my assistant hung his coat in a mesquite tree in camp and did not disturb it for a 
week. When the coat was removed, no less than four specimens of this lizard were captured 
in the pockets and several others escaped. 


Uta stansburiana stejnegeri. Desert Sie-Brotrcu Lizarp. Like the preceding, 
this lizard was abundant and occurred at every camp we made. It was found in almost 
every type of association and during the fall trip some were captured when rocks were 
overturned. In all 31 specimens were preserved. 


Sceloporus magister magister. Desert Scary LizArp. Three specimens were 
taken from as many localities between March 4 and May 3. Two were found in mesquite 
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trees and one in a pile of boulders. From the three localities—Quitovaquita, Rancho Bonito 
and Alamo Canyon—it would be surmised that the species was fairly well distributed over 
the Monument. 

Sceloporus clarkii clarkii, CrarK Scary Lizarp. Two specimens were collected, 
both of which were found in mesquite trees. One was taken at Gray’s Ranch on March 
20 and the other at Bates Well on April 25. 

Phrynosoma solare. RecAL Hornep Toap. Found at two localities, but unques- 
tionably occurred also in other open gravelly sections. Seven specimens were collected: four 
at Bates Well and three at Alamo Canyon. Catches were about equally divided between 
Nov.-Dec., and April-May. 

Heloderma suspectum, GirA Monster. The capture of two specimens, one at 
Bates Well on April 25 and the other at Gray’s Ranch on May 11, establishes another 
record of the Gila Monster toward the westward edge of its range. 

Cnemidophorus tessellatus tessellatus. Deserr Wuiprait Lizarp. Fairly 
common in sandy or gravelly areas, especially where some brush occurred. Nineteen spect- 
mens were taken. Found at Gray’s Ranch during the last few days of the first visit and at 
all the camps during the late spring visit. 

Coluber piceus. BLack WuipsNnake. A single specimen was collected in the south 
end of the Valley of the Ajo on May 4. 

Coluber flagellum frenatus. Rep Racer. A specimen was collected at mid-day 
from a sandy wash 2 miles east of Dowling Well on May 9. 

Phyllorhynchus browni browni, Pima Lear-NosEeD SNAKE. A single specimen 
was collected in a sandy wash 2 miles east of Dowling Well on May 9. It was found by 
lantern light and was very agile in its movements. The capture of this specimen extends the 
known range of the species to the westward. 

Pituophis sayi affinis. Arizona GopHER SNAKE. About noon on April 28, while 
the writer was busily preparing specimens at Quitovaquita, a large Arizona Gopher Snake 
came into camp and was captured. When opened, eight Desert Quail eggs, containing 
young almost ready to hatch, were found in its stomach. The eggs were all unbroken, but 
the gastric juices had bleached out most of the mottling on their shells. 

Crotalus molossus molossus. BLACK-TAILED RATTLESNAKE. One specimen was 
collected in the jojobe association on the upper slopes of the Alamo Mountains on Dec. 17. 
This is, with one exception, its westernmost point of occurrence to date. 

Crotalus atrox. Desert DiaMOND RATTLESNAKE. On March 19 in a sandy wash 
near the south end of the Puerto Blanco Mountains, I heard the whir of a rattlesnake about 
20 feet distant. It was captured and, when opened, a full-grown Bailey Pocket Mouse was 
found in its stomach. 

Crotalus cerastes. SIDEWINDER. Two records were made during the survey, repre- 
senting early and late dates. A very small Sidewinder was found resting under a bush in 
the south end of Growler Valley on April 27, and on Nov. 15 an individual was found 
freshly crushed on the road, just north of Bates Well. 

Crotalus scutulatus scutulatus. MouAve RATTLESNAKE. Three specimens were 
taken. One collected at Gray’s Ranch on March 21 was tracked down after a slight 
sprinkle of rain had laid the dust. It had caught and eaten a Round-tailed Ground Squirrel. 
Another specimen in a fresh condition was found crushed on the highway in the Valley of 
the Ajo on March 24. The third was collected near the roadside at mid-afternoon on April 
27, in the south end of Growler Valley. 

Gopherus agassizii. Desert Tortoise. Numbers of empty shells were found at 
different localities—Rancho Bonito, Quitovaquita and Growler Mine. Some of these were 
only about two inches in diameter, evidently very young. The one living specimen found was 
taken from the same prospect hole in which the Sonoran Spadefoot Toads were secured 
on Nov. 24. : 


FISHES 


Cyprinodon macularius. Pursy Minnow. Abundant in the springs and reservoir 
at Quitovaquita. These were the attraction that caused the several species of fish-eating birds 
to be found within the boundaries of this desert Monument. 
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NOTES ON SOME MEXICAN AND CALIFORNIAN 
BIRDS, WITH DESCRIPTIONS OF 
SIX UNDESCRIBED RACES 


BY 


A. J. vaN RosseM 
University of California at Los Angeles 


Further intensive work with Sonora birds has made necessary some 
systematic adjustments, seven of which are considered in the present paper. 
To supplement material in the Dickey collection, specimens have been 
borrowed freely from the Bishop, Hachisuka, Peet, and Sheffler collec- 
tions, from the Fish and Wildlife Service, Los Angeles Museum, 
Museum of Comparative Zoology, United States National Museum, 
Carnegie Museum, Field Museum and San Diego Society of Natural 
History. Their cooperation is gratefully acknowledged. 


Parabuteo unicinctus 
A few years ago (Birds of El Salvador, 1938, p. 119), I commented on 


certain color characters shown by Harris hawks from the northwestern part of . 
the range of the species. Although measurements of all specimens examined 
had been recorded and the larger size of the northwestern birds had been casually 
observed, the degree of size difference was not appreciated until examination of 
still further material suggested a tabulation. It is now evident that there are 
adequate grounds for the recognition of a northwestern race on size alone, 
although average color differences provide an additional incentive. This race is 
nam 


Parabuteo unicinctus superior subsp. nov. 


Type—Female adult, no. 14750, Dickey collection; Laguna Dam, lower 
Colorado River, Imperial County, California, January 1, 1925; collected by A. 
J. van Rossem. 


1AM 
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Subspecific characters —Similar to Parabuteo unicinctus harrist (Audubon) 
of the southeastern United States, eastern Mexico, and Central America, but 
size larger; coloration of adults more blackish (less brownish); immatures 
usually very much darker than the immatures of harrisi, and with the underparts 
often approaching the uniform condition of adults instead of being streaked on 
a buffy ground color. 

Range.—Southeastern California, Lower California, southern Arizona, 
Sonora and Sinaloa. 

Remarks. —54 specimens of Parabuteo unicinctus (35 adults and 19 imma- 
tures) have been examined and measured in American collections. Possibly an 
equal number have been casually seen in European collections, but no detailed 
notes were kept on these latter, save for the type of Falco unicinctus Temminck 
in the Paris Museum. As previously observed (l.c.), occasional harrisi are as 
dark as superior, but the average color difference is pronounced. A single 
specimen from Carlsbad, New Mexico, in the Biological Survey Collection, is 
just half way between the measurement averages; one from Zacatecas (City) in 
the Field Museum is closer to superior, but neither of these individuals is 
identified definitely at this time. 

Specimens have been examined as follows—superior: California, 3; Lower 
California, 5; Arizona, 2; Sonora, 7; Sinaloa, 1; harrisi: southeastern Texas, 22; 
Vera Cruz, 1; Tamaulipas, 1; Nuevo Leon, 2; Coahuila, 4; El Salvador, 4; 
subsp. indet.: Zacatecas, 1; New Mexico, 1. 

In this species the immatures closely correspond to adults in size, however, 
only adults are included in these measurements. 


MEASUREMENTS 
Extremes and Averages 
Wing Tail 
Dd) tMalessupertorc we se ae ee BIS =BIS 230-250 
(342.5) (240.0) 
[2malestbarrtiseas eee 310-352 207-230 
(330.8) (218.5) 
6 female superior.......---------------- 360-390 243-265 
(375.0) (250.5) 
2 etemaleyhari sia ee 325-363 210-245 
(347.8) (230.2) 


Cyrtonyx montezumae 


The Montezuma quail of southern Sonora has had an unsettled nomen- 
clatural career, due in large part to misapprehension as to the characters of the 
nominate race of south-central Mexico. It has been called montezumae, mearnsi, 
or intermediate toward one or the other. I confess to having contributed 
materially to the uncertainty and can offer as excuse only the fact that not all 
of the material examined was studied at one time. Typical montezumae is not 
a common bird in collections, in fact I have examined only six (all males) in 
the Biological Survey on the present occasion and four in the British Museum 
in 1938, one of which is a female. The six males have been compared with 35 
mearnsi from Arizona, northern Sonora, and northern Chihuahua, and with 14 
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from the western drainage of southern Sonora and southwestern Chihuahua. 
These latter present at least one distinctive character and I propose as a name 
for them: 


Cyrtonyx montezumae morio subsp. nov. 


Type.—One-year-old male, no. 30894, Dickey collection; Guirocoba, 
extreme southeastern Sonora, Mexico, May 2, 1930; collected by J. T. Wright. 

Subspecific characters—Males very much like Cyrtonyx montezumae 
montezumae in the dark central head markings and nuchal crest, and in the 
relative darkness of the dorsal coloration. They differ from montegumae and 
from the paler Cyrtonyx montezumae mearnst in the decidedly more pinkish or 
avellaneous (not yellowish or yellowish olive) tone of the dorsum, and in more 
grayish (less yellowish) olive ground color of the secondaries. Underparts 
similar to mearnsi, that is slightly paler plumbeous and chestnut, with spotting 
averaging larger in series. Females parallel the dorsal differences seen in males 
and are darker throughout than mearnsi. No comparison with female montezumae 
is possible due to absence of material. 

Range.—Western drainage of southeastern Sonora, chiefly in Upper Sonoran 
and Transition zones (Rancho Santa Barbara; Hacienda de San Rafael; Mina 
Abundancia; Guirocoba; Las Chinchas; Yecora [Brit. Mus.}), southwestern 
Chihuahua (Bravo; Jesus Maria), and northeastern Sinaloa (Choix [Brit. 
Mus.}). 

Remarks——Both montezumae and mearnsi have a pronounced yellowish 
ochre tone dorsally and this tinges even the grayish olive of the inner wing 
feathers. Perhaps the chief characteristic of morio is the definitely pinkish dorsal 
tone and were it not for this its status would be that of an intermediate nearer to 
montezumae. Birds from the eastern drainage in Chihuahua by no means rep- 
resent typical mearnsi and have even paler nuchal crests and wide linear streaking 
on the hindneck and back. W. De Witt Miller comments (Bull. Amer. Mus. 
Nat. Hist., 22, 1906, pp. 162-3) on the pale crests of certain specimens from the 
interior drainage of northwestern Durango. As to the size of the white spots 
on the under parts of males, its importance has been considerably over-rated. 
Mearnsi and morio, in series, have distinctly larger spots and slightly paler 
plumbeous ground color as compared with montezumae, but these differences 


break down individually. 


Calocitta colliei 


A series of 46 specimens of Collie’s magpie-jay from nearly all points 
in the range of the species has recently been assembled. In addition, Mr. James 
Greenway has kindly supplied certain color notes on 18 specimens in the Museum 
of Comparative Zoology. It is evident that this species 1s divisible into two 
races and, since the three names available all apply to the southern race, the 
northern one is herewith described as 


Calocitta colliei arguta subsp. nov. 


Type—Male adult, no. 30459, Dickey collection; Chinobampo, southern 
Sonora, Mexico, February 10, 1930; collected by J. T. Wright. 
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Subspecific characters —Differs from Calocitta collie colliei of southern 
Sinaloa, Nayarit and Jalisco in slightly longer and more slender bill and in 
darker gray sides and flanks. Males differ from males of colliei in decidedly 
shorter tail. Females differ from females of colliei in longer wing and tail. The 
sexes, therefore, are different in size in colliei, equal in size in arguta. 


MEASUREMENTS 
Extremes and Averages 

Exposed Depth at 
Wing Tail* Culmen Nostril 

lOsmalelargutatec 2 ees et 204-215 223-237 37.5-41.0 13.5-15.0 
(212) (229) (38.4) (14.2) 

6 female argdig= 215-216 220-235 37.0-39.7 13.0-14.5 
(215) (226) (37.7) (14.6) 

2 ievalecollsei Ae Dee 210-221 236-260 34.8-39.5 14.3-15.0 
(213) (241) (36.4) (14.6) 

tS female collie ee 195-212 210-227 33.0-37.0 13.0-15.0 
(207) (221) (35.1) (14.0) 


Range.—Foothill and lower mountain region (chiefly Arid Tropical zone) 
of southeastern Sonora, southwestern Chihuahua, northern Sinaloa, and probably 
northwestern Durango. 


Remarks.—The darker gray sides and flanks and the bluish gray tinge 
which frequently pervades the whole underparts are readily noticeable in most 
specimens. The extreme of this condition is seen in a specimen in the Sheffer 
collection in which the whole underparts are unevenly dark bluish gray. Analysis 
of the variable color of the throat has produced some interesting results. 
Irrespective of locality, the variation ranges from a pattern resembling Calocitta 
formosa to uniform, velvety black from chin to chest, and it is difficult to find 
two specimens exactly alike. However, the incidence of variables is greater in 
males than in females and far greater in arguta than in colliei. It is also greater 
in one-year-old birds than in adults, so much so that I suspect that full throat 
plumage is not attained until after the first post-nuptial molt at least. Not included 
in the following table are the colliei-formosa hybrids to be mentioned later. 


Variously mixed 


Uniform black with gray or blue 
Adult male arguta - 9 15 
Adult female arguta 18 


One-year-old male arguta 1 
One-year-old female arguta 0 
Adult male colliei 9 
Adult female colliei 13 
One-year-old male colliei 0 
One-year-old female colliei 1 


NR eS NWAOD 


Miller (Bull. Amer. Mus. Nat. Hist., 21, 1905, pp. 358-9), divides 20 


colliei from southern Sinaloa as 14 black and 6 variable, without, however, making 


1 Tail measurement from insertion of central pair of rectrices to tip of longest fourth 
(from outside) rectrix. Measurements of the longest (central) pair are unreliable because of 
rapid abrasion. 
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any age or sex distinctions. This approximates the general colliei average of 
about two and a half to one as given above. 

The most recent monographer of the genus, Hellmayr, (Catl. Birds Amer., 
1934, p. 11) treats colliei as conspecific with formosa on the grounds that the 
two are very closely related and the respective ranges complementary. It is my 
opinion that Ridgway (Birds of Nor. and Mid. Amer., Pt. 3, 1904, p. 294) was 
entirely correct in regarding the variation in throat pattern as normal in the 
species collie: and that structural characters set the two apart as distinct species. 
In the British Museum is a very instructive series of hybrids from Jalisco where 
the two species meet. In this series the characters of both species are variously 
present but, significantly, without apparent dilution or reduction. Some of these 
specimens were noted as follows. 


Coloration Crest length Tail length Bill 
S Volcan de Colima formosa formosa colliei colliei 
S Colima formosa colliei colliei colliei 
S Beltran colliei colliei formosa colliei 
2 Beltran formosa formosa colliei colliei 
S Zapotlan colliei colliei formosa colliei 
? Zapotlan mixed” formosa formosa formosa 


Toxostoma bendirei 


Recent study of the series of Bendire’s thrashers collected in Sonora over 
a period of years shows that two undescribed races are resident there. Interestingly 
enough, these represent respectively the pallid and dark reddish extremes of 
coloration attained by the species. These races I propose to name as follows: 


Toxostoma bendirei candidum subsp. nov. 


T ype.—Breeding female adult, no. 30406, Dickey collection; 10 miles north 
of Guaymas, Sonora, Mexico, May 10, 1930; collected by A. J. van Rossem. 

Subspecific characters —Similar to Toxostoma bendirei bendirei of southern 
Arizona, but coloration everywhere paler; dorsally more ashy brown, ventrally 
very much whiter, with flanks and under tail coverts pale grayish buff. 

Range.—Resident in the Lower Sonoran deserts in the vicinity of Guaymas. 

Remarks—The extremely pallid coloration of the breeding thrashers 
collected about Guaymas was tentatively considered to be due to adventitious 
bleaching, until fresh plumaged material became available. Actually there seems 
to be relatively little difference in coloration between fresh and moderately worn 
specimens of this race. Eight specimens taken in January, May, and June, have 
been compared with 25 seasonably comparable bendirei from southern Arizona 
and northern Sonora, and with 11 of the race next to be described, besides 
numerous migrating and winter bendirei from Sonora in general. 


Toxostoma bendirei rubricatum subsp. nov. 


Type-—One-year-old male in breeding condition, no. 27847, Dickey collec- 
tion; Tecoripa, southeastern Sonora, Mexico, March 1, 1929; collected by J. T. 
Wright. 


2 Black auriculars and black patches on sides of neck. 
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Subspecific characters—Differs from Toxostoma bendirei bendirei of 
southern Arizona in darker and redder (less grayish brown) ventral coloration, 
particularly on flanks and under tail coverts, though with a rusty wash over the 
whole under surface; spotting more prominent and more generally distributed in 
series. Dorsal coloration slightly darker and more reddish brown, particularly 
on rump and upper tail coverts. 


Range.—South-central and southeastern Sonora (Pesqueira; Tecoripa). 
More widely distributed in winter (Tiburén Island; San Carlos Bay; Tesia; 
Obregon; San Pedro Bay; Hermosillo). Not improbably resident in part or 


whole of the winter range, although definite records are as yet lacking. 


Remarks.—After the annual molt there seems to be very little age difference 
in the general plumage coloration in this species. One-year-old birds retain the 
juvenal wing and tail feathers until the first post-nuptial molt. The latter are 
usually easily identified by their narrower and more pointed (less rounded) 
tips which, furthermore, often have little or no indication of the terminal light 
spots of maturity. In rubricatum the tips of the juvenal rectrices are pale, coffee 
brown and the tipping of the adult rectrices is sometimes tinged with the same 
color. In bendirei and candidum the terminal tail markings of juveniles appear 
as an ill-defined gray spot, or may be obsolete. 


Pending a re-examination of certain material not now available, the breeding 
range of rubricatum cannot be more definitely defined. At the southern points 
in the range of the species, breeding begins in early March (with second nestings 
in early May) at a time when bendirei is present as a common migrant and winter 
visitant. Numerous specimens of bendirei have been examined from near Nogales 
south to the Mayo River valley and Alamos. Fourteen rubricatum have been 
examined from the localities cited in the range, taken in the months of January, 


February, March, November, and December. 


Agelaius phoeniceus 


Ridgway’s name of A gelaius phoeniceus sonoriensis has always been of 
uncertain application, though it has usually been assigned, with varying degrees 
of reluctance to the red-wing of the lower Colorado River valley. My own 
reservations were stated in a review of the California red-wings some years ago 
(Condor, 28, 1926, pp. 215-230), and later (Trans. San Diego Soc. Nat. Hist., 
8, 1936, p. 142) attention was called to the fact that the type was in agreement 
with the breeding birds of the Santa Cruz River valley in southeastern Arizona. 
Recently, Behle (Wilson Bull., 52, 1940, p. 238), in connection with work on 
Utah red-wings, has reopened the issue by suggesting that the type might be a 
winter vagrant of Agelaius phoeniceus utahensis Bishop, and in order to avoid 
a shifting of names has definitely assigned the name sonoriensis to the Colorado 
valley birds. In this latter course he had (fide Behle) the concurrence of Drs. 
Bishop, Oberholser and Wetmore. This allocation would be all very well 
providing the type of sonoriensis could not be identified with a breeding popula- 
tion; in fact it would be the only logical course to follow. But it cannot stand 
for the very good reason that it can, with confidence, be identified with the 
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breeding birds of the Santa Cruz and Altar valleys from the Sonora boundary 
north to the vicinity of Tucson. The status of the breeding red-wings of the San 
Pedro Valley, Arizona, in which is the site of the old Camp Grant, the type 
locality of sonoriensis, has no particular bearing on the point. The crux of the 
matter is that the name sonoriensis is out of bounds so far as the lower Colorado 
River red-wings are concerned. I had not, until recently, been disposed to go 
into the matter again but the naming of our Sonora series has made it necessary. 
For the race of the lower Colorado River valley I therefore propose the name of 


Agelaius phoeniceus thermophilus subsp. nov. 


Type.—Breeding female adult, no. J-607, Dickey collection; 3 miles north 
of Calexico, Imperial County, California, altitude 3 feet below sea level, May 6, 
1921; collected by A. J. van Rossem. 


Subspecific characters—Most closely resembling Agelaius phoeniceus 
sonoriensis Ridgway of southeastern Arizona, but bill even longer and more 


Fig. 1. Heads of adult females of Agelaius phoeniceus. 


a. thermophilus, Type (J-607, Dickey Collection) 
b. sonoriensis, Type (49771, U.S.N.M.) 


(Drawings by the author) 


slender, wing and tail averaging longer. Females decidedly browner and with 
all markings more diffused and less contrasting. Head and bill of type (Fig. 1a) 
copied from figure in Condor, 28, 1926, p. 229, fig. 76d, where selected as typical 
(not the extreme) of the Colorado valley population. 


Range—Lower Colorado River valley from extreme southeastern Clark 
County, Nevada, and adjacent portion of southwestern Arizona, south, including 
the Salton Sea region and the lower Gila River valley, to northwestern Sonora 
and northeastern Lower California. Resident and only rarely straggling beyond 
the established breeding range. 

Remarks.—In series the females of sonoriensis have the dark and light 
pattern sharper and in more contrast than in thermophilus and there is a distinctly 
greater average amount of white edging on the interscapular region. The range 
of thermophilus extends up the lower Gila valley to about its juncture with the 
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Salt River. Specimens from Tempe and Phoenix are thermophilus, but not always 
typical; those from Tucson are sonoriensis. The ranges are separated along the 
Sonora boundary by some 200 miles of arid desert. 

Almost without exception the comparative measurements of red-winged 
blackbirds are taken from slightly to moderately worn spring birds. In fresh 
plumage from two to four millimeters should be added to the wing and tail 


lengths. 


MEASUREMENTS 
Extremes and Averages 
Culmen Depth 
ADULT FEMALES Wing Tail from base at base 
DO SONOMLENSIS er ee en 99-106 69-76 18.8-20.5 95 —N1es 
(102.2) (71.5) (19.4) (10.4) 
SIMD eig120 Pla ee 101-112 72-80 19.3-21.4 9.5-10.7 
(104.5) (76.7) (20.6) (10.0) 
Aputt MALeEs 
Uline SONOTLEN SIS: eaten oe ese eae 120-127 86-94 22 A—2D) 4227, 
(123.0) (90.2) (23.7) (12.3) 
AMET DCHINOp piluss ene 120-130 86-97 22.5-26.9 10.3-12.4 
(125.4) (92.8) (24.8) (11.3) 


Tanagra elegantissima 


Only a short time before his death, J. H. Riley called to my attention the 
fact that Tanagra elegantissima viscivora van Rossem (Occ. Pap. Mus. Zool., 
Univ. Mich., 449, Oct. 9, 1941, p. 1) is preoccupied by Euphonia flavifrons 
viscivora Clark (Proc. Biol. Soc. Wash., 18, 1905, p. 19). As a tribute to a 
friend of many years’ standing I designate Tanagra elegantissima rileyi as a 
substitute name for Tanagra elegantissima viscivora van Rossem, preoccupied. 
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ABSTRACT 


From twenty selected samples, the authors list sixty species of foraminifera 
from the Kreyenhagen shale at Garza Creek. This locality is better exposed than 
and compares favorably with the type locality at Canoas Creek, originally 
designated by F. M. Anderson in 1905. An additional twenty-two species are 
listed from the lowermost Canoas siltstone member, from two other Reef Ridge 
localities near Little Tar Canyon and one other locality in Oil Canyon, north of 
Coalinga. Twenty-four new species first found in the Kreyenhagen shale are 
described and figured. The rest of the species shown on the check-list are 
figured and briefly discussed. An airplane photograph shows the proximity of 
Garza Creek and Canoas Creek, and indicates where the generalized section of 
the formation shown in the paper was measured. A comparison of the two 
localities is made and reasons given for considering them together as the “type 
area: 

Since the upper and lower limits of the formation were not definitely 
described by Anderson, these limits are more clearly defined. The formation 
was divided lithologically into ten members (A to J inclusive), the lowest being 
the Canoas siltstone member, with its distinctive lithology and much discussed 
foraminiferal fauna. Although the Kreyenhagen is predominantly a brown silty 
shale, it includes, in the upper part, a sandy member (D) which can be traced 
some distance along Reef Ridge. Comparison is made of the foraminifera of 
the type area with other areas in California. Some age relationships of this 
fauna are also discussed. 


Published by permission of the Director of the United States Geological Survey. 
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INTRODUCTION 


The Kreyenhagen shale is one of the important Tertiary formations 
in California, extending over much of the central part of the State.’ 
The identification of the formation and its correlation from place to 
place have been greatly disputed, however. As the fauna of the forma- 
tion consists largely of Foraminifera, and as a standard of reference is 
needed for comparison with other areas, it has seemed desirable to 
establish as definitely as possible the sequence of lithologic units and of 
foraminiferal assemblages in the type area. It was with this project in 
mind that the junior author in 1932 began the field studies that have 
resulted in the data offered in this paper. 


According to the original description of F. M. Anderson,’ the type 
locality is at the “Kreyenhagen wells,” on Canoas Creek in the central 
part of the Reef Ridge area, about 12 miles south of the town of 
Coalinga, Fresno County, and due west of the North Dome of the 
Kettleman Hills oil field. The field work was, therefore, at first confined 
to Canoas Creek, but it soon became apparent that this section would 
not yield all the information desired. Search in nearby areas showed 
that the most nearly complete section available was to be found in Garza 
Creek, 214 miles southeast of Canoas Creek. The study was continued 
on Garza Creek, and in the present work the two localities together are 
considered the type area of the Kreyenhagen shale. 
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STRATIGRAPHY 


Beside the paper by F. M. Anderson* in which the Kreyenhagen 
shale was named, the type area of the formation has been discussed in 
papers by Arnold and Anderson,’ Hanna,° and Von Estorff.? The 
history of the typical Kreyenhagen and its correlations are briefly stated 
by Von Estorff.* It was at first considered Eocene and correlated with 
beds elsewhere that were also so assigned. Some of these other beds were 
later shown to be in part of Cretaceous age and in part possibly of 
Oligocene age. Some doubt has been thrown, therefore, on the age 
assignment of the type Kreyenhagen, as is set forth in later pages. 


The Kreyenhagen is predominantly a hard brown silty shale. 
Because of its distinctive lithology, stratigraphic position, and forami- 
niferal fauna, it is recognizable over a large part of the San Joaquin 
Valley. Although the formation is hard and resistant at some places 
at the outcrop, as a whole it is decomposed, so that throughout most of 
its extent south of Coalinga it occurs as a soil-covered depressed belt of 
brown shale and sand between the Miocene Temblor sandstone to the 
northeast and the overhanging cliffs of the older Avenal sandstone to 
the southwest. This belt parallels the Kettleman Hills for about 20 
miles from Zapato Creek on the northwest end, where it is overlapped, 
southeastward to a point near Little Tar Canyon, where it becomes 
involved in structural complications and is presumably also overlapped. 


In the central part of the Reef Ridge area the Kreyenhagen shale is 
slightly less than 1,000 feet in thickness and dips about 55° in a north- 
easterly direction toward Kettleman Hills and the San Joaquin Valley. 
The upper part of the formation in this area is somewhat more sandy 
than elsewhere and is separated from the overlying Miocene sandstone 
by a rather inconspicuous unconformity. Because these upper inter- 
bedded sand and shale beds become overlapped in either direction from 


4Anderson, F. M., op. cit. 

5Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Coalinga 
district, Calif.: U. S. Geol. Survey Bull. 398, p. 68, 1910. 

6Hanna, G. D., The Age and Correlation of Kreyenhagen Shale in California: Am. 
Assoc. Petroleum Geologists Bull., vol. 9, pp. 990-999, 1925. 

7Von Estorff, F. E., Kreyenhagen shale at type locality, Fresno County, Calif.: Am. 
Assoc. Petroleum Geologists Bull., vol. 14, p. 1326, 1930. 

8Von Estorff, F. E., op. cit., pp. 1321-1322. 


SECTION of tre KREYENHAGEN SHALE 
AT GARZA CREEK, KINGS CO., CALIFORNIA 
SHOWING CONTIGUOUS BEDS. 


AcE [FORM|Secrion MMorsen| LiTHOLOGy CHaracteristic Fossits 
UPPER Medium to coarse dark gray, biotitic sand. ae | 
| DARK SAND Shows spherical weathering. 


Light colored, medium to coarse, cross-bedded sand. 
Scutella sp. 
Diatoms, Nonion? casts. 


Afew pebble beds in lower part. 
Arca osmonti, Pecten perrini, 


Sharks teeth, Phacoides. 


Medium to coarse, biotitic sand. 
I’ Diatomite 10’ above base. 
52Calcareous, concretionary ss. Arca common. 


MIOCENE 


Massive light gray, fine-grained 


friable sandstone. 
Sharks teeth. 


Thinly bedded brown, silty shale and fine-and very 
fine-grained sand. 
A few calcareous lentils. 


Trochamminoa ’sp. 
Lenticulina theta? 
Dentalina jacksonensis 
Bulimina curtissima 
Pleurostomella? sp. 
Ellipsonodosaria sp. B. 
Ellipsonodosaria sp.C. 
Eponides cfpatelliformis 


Greenish, reddish and brownish gray varicolored, 
crumbly, clayey siltstone with a few thin beds of 
light gray very fine-grained sand. 


Thinly bedded, brown, silty shale and fine- and 
very fine-grained sand. 


Light gray, friable, rather thickly-bedded sand, 
especially in center grading to thinly-bedded 
brown shale and fine sand above and below. 


Brown and nearly black, silty and somewhat 
crumbly shale with ever present coating of 
yellow jarosite. A few sandy beds and two 
thin sandstone dikes. 


Radiolaria (Common) 


Pecten interradiatus 


Hard, platy, black and brown siliceous shale with three 
soft white bentonite beds varying from 643” in thickness. | Planularia cf. markleyana 
Spiroloculina?sp. 
Plectofrondicularia 
garzaensis 
Plectofrondicularia sp. 
Uvigerina gorzaensis 
Hantkeninacf.dumblei 


Brown to dark gray, generally well-bedded silty 
shale, somewhat crumbly in places but often 
hard and fissile. Three dolomitic beds |-3’ 
in thickness used as markers in lower 

portion. 


EQCENE 


CeeaceNEPAGEN SHALE 


UPPER 


Uvigerina churchi 
Marginulina as peruliformis 
Bifarina nuttalli 
Dentalina hispido-costata 
Valvulineria advena 
Globorotalia cf.aragonensis 
Anomalina dorri- var. 
aragonensis 
Bulimina corrugata 
Buliminella grata 
Saccorhiza ramosa 
Martinottiella cf. petrosa. 


5’ Light gray friable fine-grained sandstone. [Elayey silt, 
40’ Dark gray thinly-bedded, rather crumbly and soft silty shale and 


Light gray, friable fine-grained sand. 


CANOAS) SILTSTONE MEMBER 
Greenish gray, soft and crumbly, clayey siltstone with a 
few thin beds of light gray fine sand. 
Brownish gray, rather thickly-bedded fine-to medium- 
grained sand. 
Spiroglyphus reef sandstone, 


Spiroglyphus (?) tejonensis 


Light gray fine-grained, friable sandstone. (Contains 
‘Domengine microfauna in McLure Valley) 


MIDDLE EOCENE 


AVENAL 
SANDSTONE 
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Garza Creek, it is believed that the Garza Creek area is the most 
complete of the Kreyenhagen sections of the Reef Ridge area. 


The section of the Kreyenhagen on Garza Creek is shown graph- 
ically in the accompanying diagram. Ten lithologic units are recognized, 
lettered A to J in descending order. The lowest, unit J, was referred 
to in an earlier paper’ as “the greenish-gray silty shale which conformably 
overlies the Avenal sandstone in this area.” It is here named the Canoas 
siltstone member of the Kreyenhagen shale, the type locality to be in 
Garza Creek. It consists of greenish-gray soft, crumbly, clayey siltstone, 
with a few thin beds of light-gray fine sand, and is 110 feet thick. The 
better exposure of the Canoas siltstone member is at Garza Creek, but 
the term “Garza” being already preoccupied'’ for a Cretaceous forma- 
tion some distance north of Coalinga, another name was necessary. 


FAUNAL SUMMARY 


The species found in the type area are shown in the accompanying 
table, and the distribution by lots and members is also shown. 


The upper part of the formation contains an arenaceous and cal- 
careous foraminiferal fauna. This fauna is distinct from the other 
Tertiary faunas found in brown shale beds underlying the Miocene 
sandstones north of Coalinga, in the Devils Den region, and elsewhere, 
which are characterized by the so-called “Uvigerina cocoaensis” fauna. 
This and the facts that the shales are much thicker north of Coalinga 
and the Uvigerina fauna is found only in their upper part have led 
Atwill,'!! Goudkoff,’” and others to assume that the type Kreyenhagen 
is older than the beds that contain the so-called “Uvigerina cocoaensis”’ 
fauna or the Tumey formation of Atwill, which also contains that fauna. 
It is the suggestion of the junior author, however, that the upper beds 
of the type area are the time equivalent of at least part of the section 
elsewhere characterized by the “Uvigerina cocoaensis” fauna, and that 
the difference in fauna may be due to differences in ecology, as inferred 
from the differences in lithology. 


9Cushman, J. A., and Siegfus, S. S., New species of Foraminifera from the Kreyenhagen 
shale of Fresno County, Calif.: Cushman Lab. Foram. Research Contr., vol. 11, p. 91, 1935. 

10Huey, A. S., Stratigraphy of the Tesla quadrangle, Calif. [abstract]: Geol. Soc. 
America Proc., 1936, Cordilleran Section, p. 335, 1937. 

11Atwill, E. R., Oligocene Tumey formation of California: Am. Asscc. Petroleum 
Geologists Bull., vol. 19, no. 8, pp. 1192-1204, 1935. 

12Goudkoff, P. P., Subsurface stratigraphy of Kettleman Hills oil field, California: 
Am. Assoc. Petroleum Geologists, Bull., vol. 18, no. 4, pp. 435-475, 1934. 
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The lower part of the Kreyenhagen shale is characterized by the 
so-called Markley fauna of Church’? and the Canoas siltstone fauna 
described in this paper. The persistence of these faunas north and south 
of Coalinga leaves little doubt about the correlation of the lower part 
of the formation. The Canoas siltstone member, though it contains a 
somewhat different foraminiferal fauna from the overlying beds, is 
included in the Kreyenhagen shale because of its shaly composition, a 
feature distinguishing it from the underlying Avenal sandstone, which 
contains very little shale. 


The subsurface equivalent of the Canoas siltstone member in the 
Coalinga and Kettleman Hills area appears to be the so-called “nova- 
culite beds” of Barbat.'* Because of the preponderance of interbedded 
coarse sand in this part of the section and in view of the notable dif- 
ference in fauna, it has been suggested that the Canoas siltstone member 
should be grouped with the Avenal or Domengine sandstone. Referring 
back to the outcrops in the vicinities of the type localities of the Kreyen- 
hagen, Avenal, and Domengine formations both north and south of 
Coalinga, where very little sand is present in the Canoas siltstone, it 
was evident that it was more closely associated with the Kreyenhagen. 


COMPARISON OF THE CANOAS CREEK AND GARZA CREEK SECTIONS 


The shale exposure close to the old Kreyenhagen No. 1 well in 
Canoas Creek, which was probably the most important exposure of those 
found by Anderson south of Coalinga, corresponds with the “E” member 
of the Garza Creek section (see Plate 14). This part of the Canoas 
Creek section contains abundant diatoms, radiolarians, and silicoflagel- 
lates.'” Only on one side of this exposure were any Foraminifera found, 
and these are confined to a small thickness of beds of hard, platy, black, 
white-weathering shale that correspond to the upper part of the “F” 
member of the Garza section. The “F” member here, as elsewhere, also 
contains at least two comparatively thin beds of bentonitic material up 
to 2 feet in thickness. Overlying the radiolarian beds a short distance 


143Church, C. C., Foraminifera of the Kreyenhagen shale: Mining in California, vol. 
27, no. 2, pp. 202-213, 1931. More recent work reported on by Boris Laiming (see “Some 
Foraminiferal Correlations in the Eocene of the San Joaquin Valley, California,” Proceed- 
ings of the Sixth Pacific Science Congress, Geophysics and Geology, pp. 537-568, 1939, and 
abstract of the same paper in Bulletin of American Association of Petroleum Geologists, 
vol. 24, no. 11, pp. 1923-1939, 1940) would place this fauna more specifically in the 
Uvigerina churchi (A-2) zone of Laiming. 

14Personal communication. 

Hanna, G. D., Diatoms and silicoflagellates of the Kreyenhagen shale: Mining in 
California, vol. 27, no. 2, pp. 187-191, 1931. 
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down the canyon are beds of white interbedded fine sand that finally 
grade to a bed some 15 feet in thickness. The top of this sandy zone is 
not seen along Canoas Creek owing to overburden, but pits indicate 
that the zone compares favorably in thickness with the “D” member 
of Garza Creek, which can be traced for some distance. The beds above 
this sandy zone are better exposed in a small gulley about a quarter of 
a mile south of Canoas Creek, where with some removal of overburden 
it was satisfactorily studied. From the sandy “D” member to the top 
of the formation in the Canoas Creek locality the rock is a brownish gray 
sandy shale with some interbedded fine gray sand. The shale contains 
numerous scattered fish remains but no Foraminifera. The whole 
sequence above the “D” sandy member corresponds rather closely with 
the “A” and “C” members of the Garza Creek section. The equivalent 
of the “B” member of the Garza Creek section, consisting of variegated 
foraminiferal silty shales, could not be found in the Canoas Creek locality. 
It was later assumed that this zone did not extend beyond the divides of 
Garza Creek Canyon. This is the only notable difference in the sections 
of the two localities, but since the total thickness is about the same and 
the lithology so similar above and below the “D” member, it is believed 
that the upper limits are roughly contemporaneous. In both areas the 
top of the formation is marked by a thin bed of small pebbles that 
indicate a change in lithology to what is considered to be lower 
Miocene(?) sand. The unconformity is more noticeable at a few places 
in Garza Creek but is found only with difficulty in Canoas Creek. 


Most of the beds below the outcrop near the old Kreyenhagen well, 
previously described, belong to the “G” member of the Garza Creek 
section. This is by far the thickest member of the formation and includes 
all of the shale down to the first sand (“HH”) member near the base of 
the formation. The “H” and “I” members immediately below the “G” 
member are very difficult to find in the Canoas Creek area. Because of 
excessive overburden that prevents detection, there is even some doubt 
whether they really are present. The Canoas siltstone member at the 
base of the formation, however, is recognized at a few places along the 
outcrop in Canoas Creek because of its distinctive color and proximity 
to the more resistant Avenal sands. The “H” and “I” members and the 
Canoas (“J’’) siltstone member are well exposed on the north side of 
Garza Creek. There appears to be no unconformity between the Canoas 
siltstone member and the underlying Avenal sandstone formation, which 


is rather thinly bedded at the top at most places along Reef Ridge. 
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The Canoas siltstone contains a rather distinctive foraminiferal 
fauna characterized by such species as Marginulina asperuliformis (Nut- 
tall), Bifarina nuttalli Cushman and Siegfus, and Anomalina dorri Cole 
var. aragonensis Nuttall. The green color and the fine silty composition 
of this member are features that aid in its recognition over a rather wide 
area. In a paper given by the junior author before the Society of 
Economic Paleontologists and Mineralogists in Los Angeles in May, 
1936, this fauna was referred to as the “Marginulina fragaria var. texa- 
sensis fauna” because of the characteristic species, now classified as 


Marginulina asperuliformis (Nuttall). 


COMPARISON NorTH AND SOUTH OF COALINGA 


The Kreyenhagen shale was classified as Eocene by F. M. Ander- 
son.'° Arnold and Anderson,’” who followed him several years later, 
also classified the formation as Eocene although they did not accept the 
formational name. Von Estorff'* pointed out some similarities to the 
Eocene elsewhere but was indefinite as to age for the formation. Because 
the Kreyenhagen shale in many places underlies Miocene sandstones 
without any striking hiatus, later workers raised the question of its being 
Oligocene in age, at least in part. In 1935, Atwill’? showed that the 
upper part of what had been formerly referred to as Kreyenhagen shale 
north of Coalinga contained Oligocene fossils. For the upper part of 
the section that in the area north of Coalinga included most of the 
occurrences of “Uvigerina cocoaensis” he proposed the term “Tumey 
formation.” Because the type Kreyenhagen shale south of Coalinga, 
referred to as “Kreyenhagen” by Atwill, was not believed to include any 
correlative of the Tumey formation he believed the term ““Tumey forma- 
tion” justified, although the term “Wagon Wheel formation”? had 
been proposed some years earlier for beds occupying a similar position 
in the geologic column. 


16Anderson, F. M., A stratigraphic study of the Mount Diablo Range of California: 
California Acad. Sci., Proc., 3d ser., Geology, vol. 2, no. 2, p. 163, 1905. 

17Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Coalinga 
district, Calif.: U. S. Geol. Survey Bull. 398, pp. 58-70, 1910. 

18Von Estorff, F. E., Kreyenhagen shale at type locality, Fresno County, Calif.: Am. 
Assoc. Petroleum Geologists Bull., vol. 14, pp. 1321-1337, 1930. 

19Atwill, E. R., Oligocene Tumey formation of California: Am. Assoc. Petroleum 
Geologists Bull., vol. 19, no. 8, pp. 1192-1204, 1935. 

20Johnson, H. R., Geology of the McKittrick-Sunset district, Calif. [abstract}: Science, 
new ser., vol. 30, pp. 63-64, 1909. 
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Church”? showed that the lower part of the Kreyenhagen shale 
north of Coalinga and elsewhere contained a foraminiferal fauna similar 
to that of the Markley formation. With the work of Bailey’ and 
Clark” showing that the Markley formation was rather definitely upper 
Eocene in age, the age of the lower part of the Kreyenhagen shale 
appears to be fairly well established. 


The question of the age of the upper part of the Kreyenhagen shale 
has been somewhat more difficult. Evidence from certain wells of the 
Jacalitos Dome area which indicated that the upper part of the type 
Kreyenhagen shale might be the equivalent of at least part of the Tumey 
shale of Atwill or the “Uvigerina cocoaensis” zone was presented by the 
junior author at the Los Angeles meeting of the Society of Economic 
Paleontologists and Mineralogists in May, 1936. In the Superior Oil 
Company’s “Mantes” No. 1 well, in which the total thickness of the 
Kreyenhagen shale was only 900 feet, the “Uvigerina cocoaensis” fauna 
was found less than 500 feet above the base. This well is only 5 miles 
north, but basinward, from the type locality. The same fauna was found 
in the upper 100 feet of the Kreyenhagen shale in the Associated’s 
“Mitchell” No. 1 well, a few miles northwest of the “Mantes” well, 
where the total thickness of this shale was only about 400 feet. 


Almost everywhere in the San Joaquin Valley the “Uvigerina 
cocoaensis” fauna is found in a peculiar clayey rock of brown, brownish- 
gray, or gray color. The upper part of the formation in the Reef Ridge 
type area is more sandy than the upper part of the formation in other 
areas. The “B” member with its lithology of mottled pink and green 
is strongly suggestive of deposition in appreciably shallower water 
than any indicated by the features of the “Uvigerina cocoaensis” beds. 
The lack of Foraminifera in the “A” and “C” members, along with the 
large proportion of interbedded sand, indicates that shallow water and an 
oscillating shore line were the conditions in the type area during much 
of late Kreyenhagen time. This is in contrast to the deeper water and 
more constant conditions indicated for the deposition of the “Uvigerina 
cocoaensis” beds. 


There are other examples in the area of the effect of ecologic 


21Church, C. C., Foraminifera of the Kreyenhagen shale: Mining in California, vol. 
27, no. 2, pp. 202-213, 1931. 

22Bailey, T. L., The geology of the Potrero Hills and Vacaville region, Solano County, 
Calif.: California Univ., Dept. Geol. Sci., Bull., vol. 19, no. 15, pp. 321-333, 1930. 

23Clark, B. L., Fauna from the Markley formation (upper Eocene) on Pleasant Creek, 
Calif.: Geol. Soc. America Bull., vol. 49, no. 5, pp .683-730, 1938. 
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differences in beds of this character. In the Texas Company’s “Circle” 
No. 1 well, in the Coalinga area, greenish clay-shales were found to be 
interbedded with brown silty shales. The greenish clay-shales contained 
the Marginulina asperuliformis foraminiferal fauna characteristic of the 
Canoas siltstone member, whereas the brown shales contained the 
Markley fauna of Church. 

A short distance north of Little Tar Canyon, the Knudson & 
Schmidt No. 1 well, drilled by the Pacific Western Oil Corporation, 
encountered the “Uvigerina cocoaensis” fauna in the upper part of the 
shale underlying the Miocene Temblor sandstone. The upper part of 
the Kreyenhagen shale at the outcrop, about three-quarters of a mile 
west, contains no Foraminifera, as far as could be determined, and is 
similar to the “E” and “F” members of the type area. The well reached 
a sandy zone below the “Uvigerina cocoaensis” occurrences that is be- 
lieved to be the equivalent of the “D” member at the outcrop to the 
west, thus indicating that the barren overlying “A” and “C” members 
of the type area are the equivalents of the “Uvigerina cocoaensis” beds 
encountered in the well. In this area the “D” member is the only sandy 
horizon known in this part of the Kreyenhagen sequence. 

In Phoenix Canyon, north of Coalinga, the white “punky” beds 
that are the equivalents of the “Uvigerina cocoaensis” zone are seen to 
underlie disconformably the Miocene sandstone. The shale underlying 
the “Uvigerina cocoaensis” zone is also disconformable.** The 100 feet 
of shale below the unconformity marking the base of the “Uvigerina 
cocoaensis’ zone contains abundant radiolarians and is classified as the 
equivalent of the “E” member of the type area south of Coalinga. Under 
this member is found a hard platy shale unit carrying Spiroloculina? and 
two bentonitic beds comparable to the “F” member of Garza Creek. 
Below some 40 to 50 feet of this type of shale the formation was seen 
to be practically identical in lithology and fauna to the “G” member of 
the Reef Ridge area. The Canoas silt member and zones below the “G” 
member are not present in Phoenix Canyon proper but occur a short 
distance north at hill 2126, from which Foraminifera were described by 
Cushman and Hanna.” 

From these evidences it is believed likely that the upper part of the 
Kreyenhagen shale of the type area, the part of the formation down to 


24Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Coalinga 
district, Calif.: U.S. Geol. Survey Bull. 398, 1910. See photograph opposite p. 162. 

25Cushman, J. A., and Hanna, G. D., Foraminifera from the Eocene near Coalinga, 
Calif.: California Acad. Sci., Proc., 4th ser., vol. 16, no. 8, pp. 205-228, 1927. 
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the base of the “D” sandy member, is the equivalent in part, at least, 
of the Tumey formation of Atwill or “Uvigerina cocogensis” zone. From 
Atwill’s paper’® this part of the formation would appear to be Oligocene. 
From our comparison of the species found in the “B” member at Garza 
Creek this part of the section would be related to the upper Eocene of 
Mexico and the Gulf Coast. However, until such time as Effinger’s 
Gaviota stage and the Eocene-Oligocene contact in California are more 
clearly defined, it does not appear likely that the uppermost part of the 
type Kreyenhagen can be definitely classified as to age. Following 
W. L. Effinger’s latest known usage,’ most of the Kreyenhagen would 
be classed as upper Eocene or Jackson in age, possibly extending down 
into the upper Claiborne or Auversian of the European classification. 


CALIFORNIA AGE RELATIONSHIPS 


In the recent publication on the Eocene by B. L. Clark and H. E. 
Vokes,”* the Eocene is divided into seven stages, the upper four being 
the Gaviota, Tejon, Transition, and Domengine, in descending order. 
The Avenal sandstone is placed by these authors in the Domengine 
stage, and the Kreyenhagen shale is considered equivalent to the Gaviota 
and the Tejon stages, and possibly to the upper part of the Transition 
stage. The Kreyenhagen shale in this paper is used in the broad sense 
to include both the Tumey formation of Atwill and the type Kreyen- 
hagen shale, so that the point of most concern to micro-paleontologists 
is not discussed except to note that the upper part (Tumey) is considered 
Oligocene in age and therefore the Gaviota stage may be partly Oligo- 
cene in age. 

As pointed out previously, the lower part of the Kreyenhagen shale 
which contains the Markley microfauna has been rather definitely 
classified as belonging to the Tejon stage and is comparable with the 
upper part of the Tejon Eocene as described by early authors. This 
classification applies to the lower part of the Kreyenhagen shale quite 
generally. The Canoas siltstone member, which underlies the Markley 
microfaunal zone, may well correspond to Clark’s Transition stage, 
since the Avenal sandstone is classified as of the Domengine stage. The 

26Atwill, E. R., Oligocene Tumey formation of California: Am. Assoc. Petroleum 
Geologists Bull., vol. 19, no. 8, pp. 1192-1204, 1935. 

27E finger, W. L., Gaviota formation of Santa Barbara County [abstract]: Pan-Am. 
Geologist, vol. 64, no. 1, p. 75, 1935. 


28Clark, B. L., and Vokes, H. E., Summary of marine Eocene sequence of western 
North America: Geol. Soc. America Bull., vol. 47, no. 6, pp. 851-878, 1936. 
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Canoas siltstone foraminiferal fauna, characterized by species found in 
the Claiborne and older formations, would appear to support this view. 

The upper part of the Eocene and younger beds had been sub- 
divided into stages on the basis of Foraminifera by Schenck and 
Kleinpell® a short time prior to Clark and Vokes’ paper. In this paper 
the Turritella variata zone of Woodring,” including the so-called 
Tumey formation, was classified as the Refugian stage. Their unnamed 
stage below the Refugian would be essentially the same as Clark and 
Vokes’ Tejon stage. Under this are listed the Foraminifera most com- 
mon in Church’s Markley fauna, including Planularia markleyana 
Church, Plectofrondicularia jenkinsi Church, and Robulus welchi 
Church. Discocyclina clarki (Cushman) and Marginulina mexicana 
Cushman are also mentioned, but in the areas along the west side of 
the San Joaquin Valley studied by the junior author, Discocyclina cf. 
D. clarki (Cushman) and Marginulina mexicana subsp. nudicostata 
(Cushman and G. D. Hanna) were assigned to Domengine and the 
Avenal sandstone. The Refugian stage is considered by its authors to 
be probably equivalent in age to a portion of the upper Eocene or lower 
Oligocene series of Europe. 


GENERAL AGE RELATIONSHIPS 


Comparison of the foraminiferal species here described with those 
from other parts of the world indicates a rather close similarity to the 
other known Eocene faunas. The lower part of the formation contains 
certain species known only from the Eocene Aragon formation of 
Mexico. A little higher in the section are species known from the 
Guayabal formation of Mexico and the Claiborne group of the Coastal 
Plain region of the United States. The upper part of the section 
contains species that are identical with those known from the Chapapote 
formation of Mexico, which is considered to be of upper Eocene or 
Jackson age. 


CONCLUSIONS 


The following conclusions have been drawn regarding the type 
Kreyenhagen shale: 


29Schenck, H. G., and Kleinpell, R. M., Refugian stage of Pacific coast Tertiary: Am. 
Assoc. Petroleum Geologists Bull., vol. 20, no. 2, pp. 215-225, 1936. 

30Woodring, W. P., Upper Eocene oribitoid Foraminifera from the western Santa Ynez 
Range, Calif., and their stratigraphic significance: San Diego Soc. Nat. History Trans., 
vol. 6, no. 4, p. 160, 1930. 
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1. F. M. Anderson, in the original definition of the typical 
Kreyenhagen shale at the Canoas Creek locality, did not indicate a 
definite top and base for the formation. The rather inconspicuous 
unconformity at the top of the Kreyenhagen shale and the base of the 
Canoas siltstone member at the bottom are here taken as the limits of 
the formation, the lower contact being conformable with the Avenal 
sandstone and at places somewhat gradational. 


2. The Kreyenhagen shale is much better exposed at Garza Creek 
than in the originally specified area on Canoas Creek. Because of the 
proximity of the two areas and the fact that the uppermost and lower- 
most members in each locality are more cr less identical, the Garza 
Creek area is suggested as supplemental to the type locality. The Garza 
Creek section also contains the foraminiferal zone in the “B” member, 
which is either very poorly developed or lacking at Canoas Creek. Both 


localities together are considered in this paper as the type area. 


3. The lower part of the Kreyenhagen is as old as the Claiborne 
of the Gulf Coast area. The upper part is mostly not younger than 
Jackson in age. The Gaviota stage, as recognized by Clark and Vokes, 
is not clearly defined with respect to the Eocene-Oligocene contact and 
future work may show that a part of the Kreyenhagen is Oligocene 
in age. 


4. The formation is characterized essentially by three foraminiferal 
faunules: 


(1) The upper Kreyenhagen, or “B” member, faunule, characterized by 
the following: 

Bulimina curtissima Cushman and Siegfus 

Dentalina jacksonensis (Cushman and Applin) 

Ellipsonodosaria sp. 

Lagena acuticosta Reuss 


(2) The lower Kreyenhagen faunule, or Markley fauna of Church. 
Characteristic species in the lower Kreyenhagen above the Canoas siltstone mem- 
ber are: 

Hantkenina dumblei Weinzierl and Applin 

Plectofrondicularia garzaensis Cushman and Siegfus 

Planularia markleyana Church 

Pullenia eocenica Cushman and Siegfus 

Spiroloculina? sp. 

Uvigerina churchi Cushman and Siegfus 

(3) The Canoas siltstone faunule, or Marginulina asperuliformis zone, 
with: 
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Marginulina asperuliformis (Nuttall) 

Bifarina nuttalli Cushman and Siegfus 

Dentalina hispido-costata Cushman and Siegfus 
Valvulineria advena Cushman and Siegfus 

Globorotalia aragonensis Nuttall 

Anomalina dorri Cole var. aragonensis Nuttall 
Bulimina corrugata Cushman and Siegfus 

Buliminella grata Parker and Bermudez 

Saccorhiza ramosa (H. B. Brady) 

Martinottiella cf. M. petrosa (Cushman and Bermudez) 


5. The upper part of the type Kreyenhagen shale down to the 
base of the sandy “D” member is considered by the junior author to be 
the equivalent in part at least of the Tumey formation of Atwill and 
the “Uvigerina cocoaensis” beds. 


NOTES ON THE SPECIES 


Famity RHIZAMMINIDAE 


Genus Bathysiphon G. O. Sars, 1871 
Bathysiphon eocenica Cushman and G. D. Hanna 
Plate 15, figure 1 
Bathysiphon eocenica CUSHMAN and G. D. HANNA, Proc. Calif. Acad. Sci., ser. 

4, vol. 16, INo. 8p. 210) pl. 13, gs.<25 3, 1927. Cushman and 

McMasters, Jour. Paleontology, vol. 10, p. 508, pl. 74, fig. 1, 1936. 

This species already recorded from the Eocene, 7 miles north of Coalinga 
and from the Llajas formation of Ventura County, California, occurs in the 
Garza Creek and Canoas Creek sections. As usual, only short broken pieces of 
the test are found. In general shape and size they agree well with those from 
the other localities. 


Famity HYPERAMMINIDAE 
Genus Hyperammina H. B. Brady, 1878 
Hyperammina elongata H. B. Brady ? 
Plate 15, figures 2, 3 
There are scattered fragments from a number of levels in the Garza Creek 
section which may be referred to Brady’s species with some question. The 


diameter is rather uniform although a few of them show slight constrictions as 
in our figure. 


Genus Saccorhiza Eimer and Fickert, 1899 


Saccorhiza ramosa (H. B. Brady) ? 


A few short fragments strongly resembling this species occur in the Garza 
Creek section. None of these show a distinct branching but have the peculiar 
twisted shape of Brady’s species. 
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Famity AMMODISCIDAE 
Ammodiscus sp. 
Plate 15, figure 4 
A very few rather poorly preserved specimens occur in the lower portion 


of the section. They resemble specimens from the Eocene Chapapote of 
Mexico. 


Famity LITUOLIDAE 
Genus Cyclammina H. B. Brady, 1876 


Cyclammina samanica W. Berry 
Plate 15, figure 5 


Cyclammina samanica W. Berry, Ecliogae Geologicae Helvetiae, vol. 21, p. 
393, text fig. 5a, b, 1928. 


Haplophragmoides acuticostatum Nutrart (Not Hantken), Jour. Pale- 
ontology, vol. 4, p. 279, pl. 23, figs. 2, 3, 1930. 


Specimens referable to this species occur in both the Garza Creek and 
Canoas Creek sections. They are apparently identical with the species described 
by Berry from the Eocene Lobitos shales of Northwestern Peru. The test is 
slightly depressed in the center and again toward the periphery which is rounded 
and almost suggests a broad keel. There are eight to ten chambers in the final 
coil often of somewhat irregular size. 


Nuttall figures specimens from the Eocene Aragon formation of Mexico 


that, on examination are seen to be the same as ours, but they are not the same 
as topotypes of Hantken’s species, which is much larger. 


Famity TEXTULARIIDAE 
Genus Textularia Defrance, 1824 
Textularia mississippiensis Cushman 
Plate 15, figure 6 
This species which is characteristic of the upper Eocene and lower 


Oligocene of the Gulf Coastal Plain region of the United States is rare in the 
Kreyenhagen but the figured specimen is typical. 


Genus Vulvulina d’Orbigny, 1826 
Vulvulina curta Cushman and Siegfus 
Plate 15, figures 7, 8 


Vulvulina curta CUSHMAN and Srecrus, Cushman Lab. Foram. Research 
Contr., vol. 11, p. 91, pl. 14, figs. 1, 2, 1935. 


“Test nearly as broad as long, compressed, periphery acute, spinose in the 
biserial portion; chambers rather indistinct, earliest ones planispiral, later 
biserial ones low and broad, of rather uniform height, the peripheral portion 
ending in a short, pointed spine, uniserial chambers only one or two, much 
narrower than the preceding portions of the test; sutures mostly indistinct except 
in the uniserial portion where they are distinctly depressed; wall finely 
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arenaceous, mostly smooth; aperture in the uniserial portion elongate, elliptical, 
terminal. Length 0.60 mm.; breadth 0.50 mm.” 

The relationships of this species are with those of the Mexican Eocene. 
It somewhat resembles V. colet Cushman from the Chapapote formation of 
Mexico although the uniserial chambers of that species are more developed than 
in the California one. In the Garza Creek section V. curta occurs at a number 
of different levels. 


Famity VERNEUILINIDAE 
Genus Clavulinoides Cushman, 1936 


Clavulinoides sp. 
Plate 19, figures 1-3 


There are a very few specimens from two localities that evidently belong 
to this genus but not enough for a complete description of the species. While 
not identical, they most closely resemble Clavulinoides cubensis Cushman and 
Bermudez and C. marielinus Cushman and Bermudez described from the 


Eocene of Cuba. 


Famity VALVULINIDAE 


Genus Dorothia Plummer, 1931 
Dorothia principensis Cushman and Bermudez 


Plate 15, figure 9 


Dorothia principensis CUSHMAN and BERMUDEZ, Cushman Lab. Foram. Re- 
search Contr., vol. 12, p. 57, pl. 10, figs. 3, 4, 1936—Cushman, loc. cit., 
Special Publ. 8, p. 87, pl. 9, figs. 20, 21, 1937—Bermiidez, Soc. cubana 
historia nat. Mem., vol. 12, p. 4, 1938.—Cushman and Siegfus, Cushman 
Lab. Foram. Research Contr., vol. 15, p. 24, pl. 6, fig. 23, 1939. 


“Test small, elongate, about two and one-half times as long as broad, very 
slightly compressed, biserial portion making up nearly the entire test, periphery 
lobulate; chambers distinct except in the earliest portion, of rather uniform size 
throughout, becoming slightly more inflated toward the apertural end; sutures 
distinct, depressed in the biserial portion nearly at right angles to the vertical 
axis; wall finely arenaceous, smoothly finished; aperture a low, arched opening 
at the inner margin of the last-formed chamber. Length 0.80 mm.; diameter 
0.30 mm.” 

This species was originally described from the Eocene lower Principe 
formation of Cuba. It is one of the species which connects this Garza Creek 
Eocene with that of Cuba. 


Dorothia ? sp. 
Plate 19, figures 4-6 
The specimens figured may belong to this genus although the structure of 


the early chambers is obscure or missing. They do not seem identical with any 
described species. 
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Genus Plectina Marsson, 1878 
Plectina garzaensis Cushman and Siegfus 
Plate 15, figures 10, 11 
Plectina garzaensis CUSHMAN and SrtecFus, Cushman Lab. Foram. Research 
Contr., vol. 11, p. 92, pl. 14, figs. 3, 4, 1935.—Cushman, loc. cit., Special 
Publ. 8, p. 109, pl. 12, figs. 18-20, 1937. 


“Test elongate, subcylindrical or slightly tapering from the greatest breadth 
near the apertural end, somewhat nodose, nearly circular in transverse section, 
earliest whorl with more than three chambers, then triserial, biserial in the adult 
or tending to become uniserial; chambers of the early portion indistinct, later 
ones somewhat inflated, increasing in height as added; sutures indistinct in the 
early stages, later more distinct and depressed; wall coarsely arenaceous, 
somewhat roughly finished; aperture in the adult nearly terminal, rounded, 
without a neck. Length up to 0.90 mm.; diameter 0.30 to 0.40 mm.” 

The types of this species are from our Garza Creek section where it is 
fairly common and has a rather wide vertical range. It is closely related to 
P. elongata Cushman and Bermudez from the Eocene lower Principe formation 


of Cuba. 


Genus Martinottiella Cushman, 1933 
Martinottiella cf. M. petrosa (Cushman and Bermudez) 
Plate 15, figure 14 


A very few specimens closely resembling shorter forms of this species 
described from the Eocene of Cuba occur in the basal part of the Kreyenhagen 
section. They also resemble specimens from the Chapapote of Mexico referred 
by Cole to “Clavulina communis d’Orbigny.” 


Genus Tritaxilina Cushman, 1911 
Tritaxilina colei Cushman and Siegfus 
Plate 15, figures 12, 13 


Tritaxilina colei CUSHMAN and S1eGFus, Cushman Lab. Foram. Research Contr., 
vol. 11, p. 92, pl. 14, figs. 5, 6, 1935 Cushman, loc. cit., Special Publ. 
8, p. 155, pl. 18, figs. 1-3, 1937.—Bermuidez, Soc. cubana historia nat. 
Mem., vol. 12, p. 24, 1938. 


“Test one and one-half to two times as long as broad, somewhat tapering 
at the base, and having its greatest breadth near the middle, the adult again 
tapering somewhat toward the apertural end, rounded in transverse section; 
chambers in the early portion with more than three to a whorl, having a distinct, 
four-chambered stage, after which triserial and then biserial chambers are 
developed; sutures distinct, slightly depressed; wall rather coarsely arenaceous, 
the basal portion of each chamber somewhat raised; aperture nearly terminal in 
the adult, and the whole test tending to become somewhat uniserial at that stage. 
Length 0.60 to 0.75 mm.; diameter 0.30 mm.” 

The types are from the Eocene Chapapote formation, Chapapote, Mexico. 


It occurs in typical form in our Garza Creek material. 
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Famity MILIOLIDAE 
Genus Spiroloculina d’Orbigny, 1826 


Spiroloculina ? sp. 
Plate 15, figures 15-17 
A few specimens seem to belong to Spiroloculina, but the specimens are 
not well preserved. Some resemble in general appearance Massilina decorata 
Cushman of the Eocene of the Coastal Plain region but the California specimens 
appear to be planispiral throughout. 


Genus Sigmoilina Schlumberger, 1887 
Sigmoilina ? sp. 
Plate 15, figure 18 
A very few specimens of an arenaceous form may belong to this genus. They 
are not well enough preserved to show the structure fully. 


Famity TROCHAMMINIDAE 


Genus Trochammina Parker and Jones, 1859 
Trochammina sp. 
There are a few scattered specimens of Trochammina which are much 
distorted and not to be specifically determined until more and better material 
is available. 


Famity LAGENIDAE 
Genus Robulus Montfort, 1808 


Robulus alato-limbatus (Gimbel) ? 
Plate 15, figures 19-21 


There are a number of specimens, some not well preserved, which resemble 
this rather widely distributed species. The three specimens figured show some 
of the variations in our material. Some of the specimens resemble the figure 
given by Cole of Mexican Eocene material referred by him to Robulus 
articulatus (Reuss) . 


Robulus pseudovortex Cole 
Plate 15, figure 23 


Robulus pseudovortex Cote, Bull. Am. Paleontology, vol. 14, no. 51, p. 19, 
pl. 1, fig. 12, 1927——Cushman and McMasters, Jour. Paleontology, vol. 

10, p. 510, pl. 74, figs. 12a, b, 1936. 

Cole originally described this species from the Eocene Guayabal formation 
of Mexico, and it has also been recorded from the middle Eocene Llajas 
formation of Ventura County, California. The specimens from the Garza Creek 
section ate very close to these others. 


Robulus welchi Church ? 


Plate 15, figure 22 


The figure given by Church of this species (Mining in California, vol. 27, 
pl. C, figs. 13, 14, 1931) from the upper Eocene of California is in some of its 
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characters close to the specimen we have figured here from the Garza Creek 
material. More specimens are necessary before this determination can be 
assured. Our specimen also closely resembles the species, Robulus terry 
Coryell and Embich, recently described from the upper Eocene of Panama. 


Robulus gyroscalprus (Stache) ? 
Plate 15, figure 24 
The specimen figured in some respects resembles Stache’s species from the 
Eocene of New Zealand. It also has some characters that suggest R. pseudo- 
vortex Cole. More material must be obtained for a study of the variation of 
this species. 


Robulus sp. 
Plate 15, figure 25 


A number of specimens of a species with longitudinal costae may represent 
young stages of some larger form. It is figured here for the record. 


Genus Lenticulina Lamarck, 1804 
Lenticulina theta Cole ? 
Plate 15, figure 26 
The single specimen here figured resembles that figured and described by 


Cole (Bull. Am. Paleontology, vol. 14, no. 51, p. 14, pl. 1, fig. 17, 1927) from 
the Eocene Guayabal formation of Mexico. 


Genus Dentalina d’Orbigny, 1826 


A number of species may be referred to this genus tentatively that are 
represented in our material by such fragmentary specimens that it is difficult 
to assign names to them with any degree of certainty. Notes are given sug- 
gesting their stratigraphic relations which seem to be mainly with the Eocene 
of Mexico and Trinidad. It may be that the relationships of these species are 
with the Ellipsoidinidae but that can only be determined when their apertural 
characters are fully known. 


Dentalina ? sp. 
Plate 16, figures 1, 2 
The figures given show curved specimens with rather uniform chambers 
but the apertural end is broken so that no apertural characters are present. The 
two figures are generally much alike, each with basal spine but the sutures in 
one are rather more depressed than in the other. 


Dentalina ? sp. 
Plate 16, figures 3, 4 
The two fragmentary figures given are somewhat similar to those given by 
Cole (Bull. Am. Paleontology, vol. 14, no. 51, p. 21, pl. 3, figs. 10, 11, 1927) 
from the Eocene Guayabal formation of Mexico as “Vaginulina legumen 


(Linné), var. elegans d’Orbigny.” 
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Dentalina ? sp. 
Plate 16, figure 5 


This fragmentary specimen is sufficiently well characterized so that its 
identity with the specimen figured by Cole (loc. cit., p. 17, pl. 3, fig. 17) from 
the Eocene Guayabal of Mexico is rather clearly suggested. It also resembles 
specimens figured by Nuttall from the Eocene of Trinidad (Quart. Jour. Geol. 
Soc., vol. 84, p. 81, pl. IV, figs. 9, 10, 1928) as “Nodosaria knihnitziana 
Karrer.” This probably is an Ellipsonodosaria. 


Dentalina ? sp. 
Plate 16, figure 6 


Nodosaria sp., Cote, Bull. Am. Paleontology, vol. 14, no. 51, p. 17, pl. 1, fig. 
21, 1927. 
Our specimen seems to be identical with that figured by Cole from the 
Eocene Guayabal of Mexico. Our specimen shows the complete initial end 
while Cole’s specimen shows more of the adult chambers. 


Dentalina ? sp. 
Plate 16, figure 8 


Fragmentary specimens occur which show the early portion nearly smooth 
and later chambers with a row of spines near the base. None of the specimens 
show the apertural characters and the species may belong to Ellipsonodosaria. 
These fragments suggest the form recorded from the upper Eocene Cooper 
marl of South Carolina as Dentalina cf. D. adolphina d’Orbigny (Cushman, 
U. S. Geol. Survey Prof. Paper 181, p. 21, pl. 8, fig. 11, 1935). Under this 
same name Cushman and G. D. Hanna have recorded somewhat similar 
specimens from the upper Eocene of California (Proc. Calif. Acad. Sci., ser. 
4, vol. 16, p. 213, pl. 13, figs. 8, 9, 1927). In some respects it suggests 
“Nodosaria olinata Cole” from the Eocene Guayabal formation of Mexico 


(Bull. Am. Paleontology, vol. 14, no. 53, p. 16, pl. 3, fig: 16, 1927). 


Dentalina ? sp. 
Plate 16, figure 9 


The single specimen figured differs from the preceding in the double row 
of shorter spines and the more definitely separated chambers. It suggests the 
form referred to “Nodosaria aculeata d’Orbigny” from the upper Eocene of 
Mexico (Cushman, Jour. Paleontology, vol. 1, p. 154, pl. 24, fig. 4, 1927). 


Dentalina ? sp. 
Plate 16, figures 10, 11 
The figured specimens, though but fragments, give a fairly good idea of 


the ornamentation of this species. It is somewhat similar to the form figured as 
“Dentalina cf. D. adolphina d’Orbigny” from the Eocene Cooper marl of South 
Carolina (Cushman, U. S. Geol. Survey Prof. Paper 181, p. 21, pl. 8, fig. 12, 
1935). It may belong to Ellipsonodosaria but the apertural characters are 
lacking in our specimens. 
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Dentalina jacksonensis (Cushman and Applin) 
Plate 16, figure 7 


Nodosaria jacksonensis CUSHMAN and Appin, Am. Assoc. Petroleum Geolo- 
gists Bull., vol. 10, p. 170, plia7;. ues: 14-16; 1926.—Cushman, Jour. 
Paleontology, vol. 1, p. 153, pl. 24, fig. 3, 1927.—Cole, Bull. Am. Paleon- 
tology, vol. 14, no. 53, p. 208, pl sate. 125, 1927, 


Dentalina jacksonensis CUSHMAN, U. S. Geol. Survey Prof. Paper 181, p. 20, 
pl. 8, figs. 7-9, 1935.—Cushman and McMasters, Jour. Paleontology, vol. 
10, p. 511, pl. 75, figs. 3-5, 1936.—Coryell and Embich, Jour. Paleontology, 
vol. 11, p. 298, pl. 42, fig. 8, 1937. 


The fragment figured shows chambers toward the apertural end, which are 
very similar to this species characteristic of the upper Eocene of the Gulf Coastal 
Plain of the United States and of Mexico. The form figured by Nuttall from 
the upper Eocene of Trinidad as “Nodosaria crassielegans” (Quart. Jour. Geol. 
Soc., vol. 84, p. 80, pl. 4, figs. 6, 7, 1928) is close to D. jacksonensis. 


Dentalina hispido-costata Cushman and Siegfus 
Plate 16, figures 12, 13 


Dentalina hispido-costata CUSHMAN and S1ecrus, Cushman Lab. Foram. Re- 
search Contr., vol. 15, p. 25, pl. 6, figs. 4, 5, 1939. 


“Test elongate, uniserial, of nearly uniform diameter throughout; chambers 
subglobular, of almost equal size, proloculum as large as the succeeding 
chambers, earlier ones much overlapping, later ones with distinct contractions 
over the sutures and more separated; sutures distinct, slightly depressed in the 
earliest portion, gradually more so as chambers are added; wall of the proloculum 
hispid or finely spinose, becoming definitely longitudinally costate in the 
following chambers, last-formed ones smooth; aperture radiate, with a slightly 
tapering neck, eccentric. Length up to 1.30 mm.; diameter, 0.20 to 0.30 mm.” 

The types are from the Eocene Kreyenhagen shale, Oil Canyon, 30 feet 
above upper sand, near W 1/4 corner, Sec. 16-19-15, California. 


This species somewhat resembles D. halkyardi Cushman but differs in the 
parallel sides and the reverse development of the ornamentation which in 
D. halkyardi starts with longitudinal costae and becomes spinose while our 
species starts with a spinose proloculum and becomes costate. 


Genus Nodosaria Lamarck, 1812 
Nodosaria ? sp. 
Plate 16, figure 23 


Numerous fragments from the lower part of the section apparently belong 
to Nodosaria. The chambers so far as shown in our specimens are elongate and 
the surface, especially the area over the sutures, has fine longitudinal costae. 
No specimens with more than two chambers intact have been found, but frag- 
ments are numerous. 


408 San Disco Society oF NATURAL History 


Nodosaria ? sp. 
Plate 19, figure 12 


A single broken specimen of this strongly costate species is figured. 


Genus Planularia Defrance, 1824 
Planularia cf. P. markleyana Church 
Plate 16, figures 14-17 


A number of specimens, although not very well preserved, seem very close 
to the above species described from the Eocene of California. There are 
specimens in a rock matrix which are difficult to figure but show the elongate, 
uncoiling form typical of this species. It has a very limited vertical range as 
far as our material shows. 


Genus Marginulina d’Orbigny, 1826 
Marginulina subbullata Hantken 
Plate 16, figure 21 


Marginulina subbullata HANTKEN, Magyar kir. foldt. int. Evkonyve, 1875, vol. 
4, p. 39, pl. 4, figs. 9, 10; pl. 5, fig. 9, 1876.—Liebus, K.-k. geol. Reich- 
sanstalt Jahrb., vol. 56, p. 354, 1906—Cushman, Cushman Lab. Foram. 
Research Contr., vol. 1, pt. 3, p. 62, pl. 10, figs. 3a, b, 1925——Cushman 
and G. D. Hanna, Proc. Calif. Acad. Sci., ser. 4, vol. 16, p. 216, pl. 13, 
fig. 11, 1927.—Cole, Bull. Am. Paleontology, vol. 14, no. 51, p. 14, pl. 5, 
fig. 10, 1927.—Cushman, Cushman Lab. Foram. Research Contr., vol. 5, 
p. 85, pl. 12, fig. 20, 1929.—Nuttall, Jour. Paleontology, vol. 9, p. 125, 
p. 14, fig. 16, 1935.—Coryell and Embich, Jour. Paleontology, vol. 11, 
p. 297, pl. 42, fig. 2, 1937—Bermtidez, Soc. cubana historia nat. Mem., 
vol. 12, p. 15, 1938.—Parr, Jour. Roy. Soc. W. Australia, vol. 24, p. 75, 
pl. 1, fig. 6, 1938—Cushman, Cushman Lab. Foram. Research Contr., 
Vol, 19,49. 5) qpla Ontigs3 0, 31501939: 

This species originally described by Hantken from the upper Eocene of 
Hungary and recorded by Liebus from material of equivalent age from Biarritz, 
France, has been recorded from several localities in the upper Eocene and 
lower Oligocene of Venezuela, Mexico, Cuba, and California, as well as from 
the Georges Banks and Australia. Material from the Wilcox Eocene and 
specimens from the Miocene have also been referred to it but these do not seem 
to be typical. Our figured specimen seems to be identical with Hantken’s 
species. It is variable in its early stages. 


Marginulina asperuliformis (Nuttall) 
Plate 16, figures 18-20 


Cristellaria asperuliformis NUTTALL, Jour. Paleontology, vol. 4, p. 282, pl. 23, 
figs. 9, 10, 1930. 

Marginulina asperuliformis BERMUDEZ, Soc. cubana historia nat. Mem., vol. 12, 
p. 15, 1938—Cushman and Siegfus, Cushman Lab. Foram. Research 
Contr., vol. 15, p. 24, pl. 6, figs. 1-3, 1939. 

“Test with earlier portion close-coiled, later portion uncoiled, compressed, 
especially in the earlier portion. Chambers distinct, separated by elevated 
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limbate sutures, which bear fine tubercles that are variable in number and become 
less pronounced or absent in the last chambers. Aperture radial, terminal. 
Periphery sharp, in most specimens with a thin narrow keel. Average length 
15> mm.” 

This species was described by Nuttall as above from the Eocene Aragon 
formation of Mexico. He notes that it is practically confined to this formation. 
It is of interest to compare our specimens with Nuttall’s types and to find that 
they are apparently the same species. There is considerable variation but our 
specimens show about the same range of variation as do his. This would seem 
to be a good marker for correlating the lower part of the Kreyenhagen with the 
Aragon of Mexico. 

Marginulina ? sp. 
Plate 16, figure 22 

The single specimen of this particular form is figured. More material ts 

needed even to be certain of its genus. 


Genus Lagena Walker and Jacob, 1798 
Lagena acuticosta Reuss 
Plate 16, figure 24 

Lagena acuticosta Reuss, Akad. Wiss. Wien Sitzungsber., vol. 44, pt. 1, p. 305, 

pl. 1, fig. 4, 1862.—Cushman, U. S. Geol. Survey Prof. Paper 181, p. 23, 

pl. 9, figs. 5, 6, 1935. 

The single specimen figured is similar to this species, which has been 
recorded from the upper Eocene of the Gulf Coastal Plain region of the 
United States. 


Lagena cf. L. orbignyana (Seguenza) 
Plate 16, figure 25 


Nuttall records this species in his Eocene Aragon material from Mexico. 
We have a single specimen that resembles his, although it is doubtful if either 
is the same as Seguenza’s species. 


Famity POLYMORPHINIDAE 
Genus Globulina d’Orbigny, 1839 
Globulina gibba d’Orbigny 
Plate 16, figure 26 
This widely distributed species, recorded from many localities in the 
Eocene of the United States and Mexico is the only one of the family appearing 
in our material. 


Famity HETEROHELICIDAE 


Genus Bolivinopsis Yagovlev, 1891 
Bolivinopsis directa (Cushman and Siegfus) 
Plate 16, figures 27, 28 
Spiroplectoides directa CUSHMAN and StEcFus, Cushman Lab. Foram. Research 
Contr., vol. 15, p. 26, pl. 6, figs. 7, 8, 1939. 


410 San D1eGo Society oF NATURAL History 


“Test elongate, about three times as long as wide, strongly compressed, 
periphery acute or slightly keeled, sides nearly parallel, initial end broadly 
rounded; chambers in the early stages planispiral, later biserial, low and broad 
in the adult of rather uniform size and shape; sutures distinct, nearly flush with 
the surface, slightly limbate, curved near the inner end, thence nearly straight 
and gently sloping to the periphery where they merge with the slight keel; wall 
calcareous, fairly thin, coarsely perforate; aperture elongate, terminal. Length 
0.60 to 0.75 mm.; diameter 0.20 mm.” 


The types are from the Kreyenhagen shale, upper Garza Creek, California, 
104 feet below the top of the Kreyenhagen. 
This species differs from S. curta Cushman in the more reduced spiral 


portion, greater compression of the test, and the larger number of chambers 
which are also much lower and broader. 


Genus Plectofrondicularia Liebus, 1903 
Plectofrondicularia garzaensis Cushman and Siegfus 
Plate 16, figure 29 
Plectofrondicularia garzaensis CUSHMAN and SiEGFus, Cushman Lab. Foram. 

Research Contr., vol. 15, p. 26, pl. 6, fig. 9, 1939. 

“Test oval or broadly elliptical in front view, very strongly compressed, 
sides flattened, periphery with a narrow thin keel except toward the apertural 
end; chambers numerous, only the very earliest ones showing the biserial 
arrangement. later ones chevron-shaped, increasing rather rapidly but regularly 
in size and height as added; sutures very distinct, gently curved, slightly limbate, 
very slightly if at all depressed; wall smooth, very finely perforate. Length 0.75 
to 1.00 mm.; breadth 0.60 to 0.70 mm.” 

The types are from Kreyenhagen shale, Garza Creek, California, 104 feet 
below the top of the Kreyenhagen. 

This species differs from P. vaughani (Cushman), which it most closely 
resembles, in the more broadly elliptical form, more rounded initial end, more 
definite keel and fewer biserial chambers. 


Plectofrondicularia sp. 


Plate 16, figure 30 


The specimen figured in some respects resembles P. packardi Schenck and 
Cushman (Univ. Calif. Publ. Bull. Dept. Geol. Sci., vol. 17, p. 311, pl. 43, 
figs. 14, 15, 1928) in the costae of the early portion. Not enough specimens 


are available to warrant a full description of the species. 


Genus Amphimorphina Neugeboren, 1850 
Amphimorphina ignota Cushman and Siegfus 
Plate 16, figures 31-35 


Amphimorphina ignota CUSHMAN and S1ecFus, Cushman Lab. Foram. Research 
Contr., vol. 15, p. 27, pl. 6, figs. 10-13, 1939. 
“Test with the very earliest portion biserial, the rest of the test uniserial, 
compressed throughout, the earlier portions strongly so, last-formed chambers 
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in the adult only slightly compressed, early portion with the periphery keeled, 
in the last chambers in the adult rounded, initial end rounded, apertural end 
truncate; chambers in the early portion obscured by the ornamentation, not 
inflated, later ones in the adult slightly inflated and the sutures distinct, slightly 
depressed; wall ornamented with distinct plate-like longitudinal costae few in 
number in the earliest portion, increasing in number and less in height in the 
adult; aperture broadly elliptical in the adult, terminal, without a distinct lip. 
Length up to 2.30 mm.; diameter 0.22 to 0.35 mm.” 

The types are from the Canoas siltstone member of the Kreyenhagen 
shale, from Oil Canyon, 30 feet above upper sand, Hill 2126, W 14 corner, 
Sec 16, 1.119 S:, R. 15 EB: Galifornia. 

This is a unique species, differing from A. crassa Cushman and Bermudez 
from the Eocene of Cuba in the more tapering, compressed test, the costae 
increasing in number and less developed in the later portion. Our species 
somewhat resembles that from the Eocene of Venezuela referred by Nuttall to 
“Plectofrondicularia mexicana (Cushman) ,” but is not the same as that species. 


Genus Nodogenerina Cushman, 1927 
Nodogenerina ? sp. 
Plate 16, figure 36 


The single specimen has a tapering form with inflated chambers increasing 
in size as added, and a terminal aperture with a distinct tooth but no tubular 
neck developed. It has been found only in the material from the Oil Canyon 
locality. 


Famity BULIMINIDAE 


Genus Buliminella Cushman, 1911 
Buliminella grata Parker and Bermudez 


Plate 16, figures 37a, b 


Buliminella grata PARKER and BerMuDEZ, Jour. Paleontology, vol. 11, p. 515, 
pl. 59, figs. 6a-c, 1937.—Bermudez, Soc. cubana historia nat. Mem., vol. 

11, p. 342, 1937—Cushman and Siegfus, Cushman Lab. Foram. Research 

Contr., vol. 15, p. 27, pl. 6, figs. 14a, b, 1939. 

Our specimens are from the Kreyenhagen shale of Little Tar Canyon. 
They have been compared with the types from the Eocene of Cuba and are 
identical. This species occurs in the Eocene of Bermudez’s Jabaco formation in 
company with Marginulina asperuliformis (Nuttall), Cuibicides cushmani 
Nuttall, and other species described by Nuttall from the Aragon formation of 
Mexico. This is a very distinctive species and is considered an excellent index 
fossil for correlation of this portion of the Kreyenhagen with other areas. 


Genus Bulimina d’Orbigny, 1826 
Bulimina corrugata Cushman and Siegfus 
Plate 16, figures 38a, b 
Bulimina corrugata CUSHMAN and Siecrus, Cushman Lab. Foram. Research 
Contr., vol. 11, p. 92, pl. 14, figs. 7a, b, 1935.—Cushman, Cushman Lab. 
Foram. Research Contr., vol. 15, p. 64, 1939. 
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“Test elongate, tapering, fusiform, greatest breadth above the middle, 
somewhat triangular in transverse section, angles bluntly rounded; chambers 
indistinct except the last three which are somewhat inflated, rather low and 
only slightly overlapping; sutures indistinct except in the later portion where 
they are distinctly depressed; wall covered by the longitudinal costae which are 
high and sharp, running from the initial end to the base of the last-formed 
chamber, continuous over the sutures, last-formed chamber smooth, distinctly 
perforate; aperture a rather broad, elongate opening, slightly if at all curved, 
with a slight lip. Length 0.35 to 0.45 mm.; diameter 0.25 mm.” 

This is a common species in the Garza Creek section and should make a 
good marker for the Kreyenhagen. 


Bulimina garzaensis Cushman and Siegfus 
Plate 17, figures la, b 
Bulimina garzaensis CUSHMAN and Smmcrus, Cushman Lab. Foram. Research 

Contr., vol. 11, p. 93, pl. 14, figs. 8a, b, 1935. 

“Test fusiform, greatest breadth above the middle, nearly circular in 
transverse section, initial end subacute or acute with a short spine, apertural 
end usually somewhat truncately rounded; chambers fairly distinct, especially 
toward the apertural end where they are inflated; sutures of the earlier portion 
indistinct, later somewhat depressed; wall, except for the last whorl of chambers, 
ornamented by longitudinal costae which are largely confined to the individual 
chamber to form an irregular reticulate pattern of variously shaped, depressed 
areas; aperture somewhat longer than broad, slightly curved, with a raised lip. 
Length 0.50 to 1.00 mm.; diameter 0.30 to 0.65 mm.” 

The types are from the Canoas siltstone member of the Kreyenhagen 
shale in Garza Creek. 

This is a much more variable species than the preceding and is much less 
common. 


Bulimina curtissima Cushman and Siegfus 
Plate 17, figures 2a, b 
Bulimina curtissima CUSHMAN and Srecrus, Cushman Lab. Foram. Research 

Contr., vol. 11, p. 93, pl. 14, figs. 9a, b, 1935. 

“Test short and broad, only slightly longer than broad, fusiform in front 
view, greatest breadth somewhat below the middle, thence tapering to either 
end, initial end acute and spinose; chambers comparatively few, strongly inflated, 
increasing rapidly in size as added, the last whorl making a very large part of 
the surface of the test, much overlapping, the base with a few very short spines; 
sutures distinct, slightly depressed; wall smooth, finely perforate; aperture 
elongate, slightly curved, with a slight lip. Length 0.30 to 0.35 mm.; diameter 
0.22 to 0.25 mm.” 

The types are from “B” member, 83 feet below top of Kreyenhagen shale, 
Garza Creek. 

This is a peculiar short species and may be found to be a good marker for 
the Kreyenhagen. 


CUSHMAN & SIEGFUS—KREYENHAGEN FORAMINIFERA 413 


Bulimina cf. B. guayabalensis Cole 
Plate 16, figure 39 
Bulimina guayabalensis Coie, Bull. Am. Paleontology, vol. 14, no. 51, p. 24, 
pl tenes) 1, 2) 1927. 
A number of smooth specimens, one of which is here figured, seem very 
close to this species described by Cole from the Eocene Guayabal formation 
of Mexico. 


Bulimina cf. B. lirata Cushman and Parker 
Plate 17, figure 3 


There are specimens in the lower part of the Kreyenhagen which closely 
resemble the above species, described from the Eocene, 450 feet stratigraphically 
above the Eocene sandstone in Coal Mine Canyon, Fresno County, California. 


Genus Bolivina d’Orbigny, 1839 
Bolivina aragonensis (Nuttall) 
Plate 19, figures 7, 8 


Textularia aragonensis NUTTALL, Jour. Paleontology, vol. 4, p. 280, pl. 23, fig. 6, 

1930. 

This species was described from the Eocene Aragén formation of Mexico. 
The types have been restudied and found identical with our specimens. The 
wall is calcareous and the apertural characters also show that the species should 
be placed in the genus Bolivina. 

This is another of the links connecting this material of California with that 
of the Aragon of Mexico. 


Genus Bifarina Parker and Jones, 1872 
Bifarina nuttalli Cushman and Siegfus 
Plate 17, figures 4a, b 


Loxostomum applini Nutratt (not Plummer), Jour. Paleontology, vol. 4, p. 

285, pl. 24, figs. 4, 5, 1930. 

Bifarina nuttalli CUSHMAN and SrecFus, Cushman Lab. Foram. Research Contr., 

vol. 15, p. 28, pl. 6, figs. 6a, b, 1939. 

“Test long and slender, gradually tapering up to about the middle, latter 
half with the sides nearly parallel, the earliest portion slightly compressed and 
biserial, later becoming circular in transverse section and the latter half uniserial; 
chambers distinct, slightly inflated, the basal margin distinctly crenulate, later 
ones only slightly overlapping; sutures distinct, later ones slightly depressed; 
wall in the early biserial portion with fine longitudinal costae, later uniserial 
portion smooth, distinctly perforate; aperture in the adult terminal, central, 
rounded, with a slight lip. Length 1.00 mm.; diameter 0.20 to 0.25 mm.” 

The types are from the Eocene Canoas siltstone member of the Kreyen- 
hagen shale, Oil Canyon, 30 feet above upper sand (Domengine), Hill 2126, 
W Y, corner, Sec. 16, T. 19 S., R. 15 E., California. 

The present material has been compared with that of Dr. Nuttall from 
the Eocene Aragon formation of Mexico and the specimens are identical. It 
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is not the same as Loxostoma applini (Plummer) (Univ. Texas Bull. 2144, 
p. 69, pl. 4, fig. 1, 1927) from the Midway of Texas. It differs, as noted by 
Nuttall, in the large number of uniserial chambers making up half of the test 
in the adult. The young stages resemble the Midway form from which it may 
possibly have been derived. It is in many respects very similar to the figure of 
Bifarina adelae Liebus, from the middle Eocene of northern Dalmatia, but the 
California species has a larger number of uniserial chambers. This is one of 
the species used to correlate this lower part of the Kreyenhagen with the Aragon 
formation of Mexico. 


Genus Uvigerina d’Orbigny, 1826 


Uvigerina garzaensis Cushman and Siegfus 
Plate 17, figures 5a, b 


Uvigerina garzaensis CUSHMAN and SrecFus, Cushman Lab. Foram. Research 
Contr., vol. 15, p. 28, pl. 6, figs. 15a, b, 1959. 


“Test fusiform, one and one-half to two times as long as broad, initial end 
rounded or subacute, apertural end tapering to an elongate, very slender neck; 
chambers somewhat inflated, fairly distinct in the later portion but less so in 
the early portion, much overlapping except near the apertural end, somewhat 
flattened or concave on the inner face; sutures fairly distinct, not much depressed 
except in the later portion; wall finely hispid throughout; aperture with an 
elongate, very slender neck with a distinct but only slightly developed lip. 
Length 0.45 to 0.55 mm.; diameter 0.23 to 0.27 mm.” 


The types are from the Eocene Kreyenhagen shale, 775 feet below the top, 
in Garza Creek, Kings County, California. 

This species most closely resembles U. elongata Cole (Bull. Am. Paleon- 
tology, vol. 14, no. 51, p. 26, pl. 4, figs. 2, 3, 1927) from the Eocene Guayabal 
formation of Mexico but differs in the larger size, less elongate form, more 
closely set chambers, the more slender, elongate neck, and the smoother surface. 


Uvigerina churchi Cushman and Siegfus 
Plate 17, figures 6a, b 


Uvigerina churchi CUSHMAN and SrecFus, Cushman Lab. Foram. Research 
Contr., vol. 15, p. 29, pl. 6, figs. 16a, b, 1939. 


“Test about twice as long as broad, fusiform, the initial end rounded, 
apertural end also mostly rounded; chambers and sutures largely obscured by 
the surface ornamentation, last whorl of chambers slightly inflated and more 
distinct; wall ornamented by rather high longitudinal costae not continuous over 
adjacent chambers and often somewhat irregular and broken on the individual 
chamber; aperture large, with a very short, stout neck and very slightly 
developed lip. Length 0.55 to 0.70 mm.; diameter 0.30 to 0.35 mm.” 

The types are from the Eocene Kreyenhagen shale, 775 feet below the top, 
Garza Creek, Kings County, California. 

This species is larger, has less conspicuous chambers and more broken 
costae than U. rippensis Cole (Bull. Am. Paleontology, vol. 14, no. 51, p. 27, 
pl. 2, fig. 16, 1927). 
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Genus Trifarina Cushman, 1923 
Trifarina cf. T. advena Cushman 


Plate 19, figures 9-11 


The few specimens of this genus are most closely related to T. advena 
known from the upper Eocene. 


Famity ELLIPSOIDINIDAE 


Genus Pleurostomella Reuss, 1860 
Pleurostomella sp. 


Plate 17, figure 7 


Incomplete specimens of this genus, one of which is figured, occur in the 
upper part of the Garza Creek section. P. alternans Schwager is recorded by 
Cole (Bull. Am. Paleontology, vol. 14, no. 53, p. 213, 1928) from the Eocene 
Chapapote of Mexico and by Nuttall (Quart. Jour. Geol. Soc., vol. 84, p. 74, 
pl. 3, fig. 10, 1928) from the Eocene of Trinidad. The figure given by Nuttall 
resembles our figured specimen in its short, inflated chambers. This is not the 
same as Schwager’s species from the Pliocene of Kar Nicobar, which is a much 
more slender, elongate species. It is probable that there is a definite species 
in the upper Eocene of California, Mexico, and Trindad. It also resembles 
P. naranjoensis Cushman and Bermtdez (Cushman Lab. Foram. Research 
Contr., vol. 13, p. 16, pl. 1, figs. 59, 60, 1937) but the chambers are more 


inflated in our specimens. 


Pleurostomella acuta Hantken 
Plate 17, figure 8 
Pleurostomella acuta HANTKEN, K. ungar. geol. Anstalt Mitt. Jahrb., vol. 4, p. 
44, pl. 13, fig. 18, 1881. 
The figured specimen is very close to this species as described and figured 
by Hantken from the upper Eocene of Hungary. It is rare in the California 
material. 


Pleurostomella cf. P. rimosa Cushman and Bermudez 
Plate 17, figure 9 


A single specimen from the Kreyenhagen shale of Little Tar Canyon may 
be the young stage of the above species described from the Eocene of Cuba. 
In form it is very much like the early stages of P. rimosa as shown in the types, 
and the aperture is similar. 


Pleurostomella nuttalli Cushman and Siegfus 
Plate 17, figures 10, 11 


Pleurostomella nuttalli CUSHMAN and S1ecFus, Cushman Lab. Foram. Research 

Contr., vol. 15, p. 29, pl. 6, figs. 17, 18, 1939. 

“Test elongate, slender, four or five times as long as broad, very slightly 
tapering, sides in the adult nearly parallel; chambers comparatively few, 
increasing rapidly in size and length as added, the last two making up more 
than half the surface of the test, alternating, but the later ones tending to 
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become uniserial; sutures distinct, only slightly depressed, oblique; wall smooth 
throughout; aperture with a distinct overhanging arch. Length 0.70 to 0.80 mm.; 
diameter 0.12 to 0.16 mm.” 

The types are from the Canoas siltstone member of the Kreyenhagen shale 
in Little Tar Canyon, California, U.S.G.S. loc. 14437. 

This is very similar to some of the specimens from the Eocene Aragon 
formation of Mexico referred by Nuttall (Jour. Paleontology, vol. 4, p. 286, 
1930) to P. alternans Schwager, a name which has been widely used for many 
different forms from Recent to Eocene and even in the Cretaceous. P. nuttalli 
differs from P. alternans in the less tapering form, fewer chambers, more remote 
arrangement of the chambers in the adult, and the aperture in the median line. 


Genus Ellipsopleurostomella A. Silvestri, 1903 
Ellipsopleurostomella stewarti Cushman and Siegfus, n. sp. 
Plate 19, figures 13, 14 


Test subcylindrical to elongate fusiform, sides of the median portion nearly 
parallel, tapering toward the ends; chambers few, early ones biserial, last one 
forming nearly the whole exterior of the adult test, not inflated; sutures 
indistinct, not depressed; wall smooth and polished, very finely perforate; 
aperture terminal, elongate, slit-like with an overhanging lip. Length 0.80 to 
0.85 mm.; diameter 0.35 to 0.40 mm. 


Holotype (Cushman Coll. No. 36051) from the Canoas siltstone member 
of the Kreyenhagen shale, 14 feet above glauconite, Oil Canyon, W V4 Sec. 
16, T..19'S.,.R. 15 E., Hill 2126, California: 


This species differs from Ellipsopleurostomella curta Cushman in the more 
elongate, subcylindrical form, greater development of the last-formed chamber, 
and fewer and less prominent biserial chambers. 


Genus Nodosarella Rzehak, 1895 
Nodosarella advena Cushman and Siegfus 
Plate 17, figures 12, 13a, b 


Nodosarella advena CUSHMAN and SiecFus, Cushman Lab. Foram. Research 
Contr., vol. 15, p. 30, pl. 6, figs. 19, 20, 1939. 


“Test elongate, straight or slightly curved, the earliest portion showing 
traces of a biserial condition in the obliquity of the sutures, circular in transverse 
section throughout; chambers distinct, inflated, four or five in number, increasing 
in relative height as added; sutures distinct, somewhat depressed, the early ones 
slightly oblique; wall smooth; aperture terminal, elongate, narrow, slightly 
curved, with a distinct lip, raised more on one side than on the other. Length 
up to 1.00 mm.; diameter 0.25 mm.” 

The types are from the Canoas siltstone member of the Kreyenhagen shale, 
in Little Tar Canyon, California. U.S.G.S. loc. 14437. 

This species is close to the form recorded by Cole from the Eocene of 
Mexico as “Ellipsonodosaria rotundata (d’Orbigny)” but is not the same as 
that of d’Orbigny from the Miocene of the Vienna Basin. Our species does 
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not taper appreciably, has somewhat oblique sutures and the chambers do not 
enlarge as rapidly nor are they so inflated. 


Nodosarella ignota Cushman and Siegfus 
Plate 17,.figure 14 


Nodosarella ignota CUSHMAN and Srecrus, Cushman Lab. Foram. Research 

Contr., vol. 15, p. 30, pl. 6, fig. 21, 1939. 

“Test elongate, tapering from the subacute initial end to the broadly 
rounded apertural end, circular in transverse section; chambers of the later 
portion distinct and subspherical, only slightly overlapping, earlier ones some- 
what indistinct, more overlapping and less inflated, showing traces of a biserial 
condition; sutures indistinct in the earlier part, later distinct and somewhat 
depressed; wall ornamented by very fine longitudinal costae, dividing dicho- 
tomously as the surface area of the test increases; aperture terminal, small, 
elongate, with a raised lip at one side. Length 0.70 mm.; diameter 0.25 mm.” 

The types are from the Eocene Kreyenhagen shale, Little Tar Canyon, 
California. U.S.G.S. loc. 14437. 

The species differs from Ellipsonodosaria modesta Bermudez from the 
Eocene of Cuba in the shorter, broader form, fewer chambers, traces of a biserial 
stage, and in having an aperture which is narrow without a neck. It also 
resembles the form figured by Nuttall from the lower Oligocene Alazan shale 
of Mexico as “Ellipsoglandulina multicostata (Galloway and Morrey).” 


Genus Ellipsonodosaria A. Silvestri, 1900 


A number of species in the Kreyenhagen material evidently belong to 
Ellipsonodosaria. It is difficult with the fragmentary condition of the material 
to place most of these specifically. The apertural end is missing in most of the 
specimens but those that have the aperture clearly belong in this genus. 


Ellipsonodosaria sp. A 
Plate 17, figures 15-18 


There are a number of specimens, most of them single fragmentary 
chambers, mostly elongate and smooth, which seem to belong with others having 
a bulbous proloculum and elongate second chamber. In one specimen the 
aperture is well preserved. Such specimens occur in the upper Eocene of 
Mexico and were earlier figured as “Nodosaria ewaldi Reuss,” (Jour. Pale- 
ontology, vol. 1, p. 153, pl. 24, figs. 1, 2, 1927). Nuttall has figured similar 
forms from the Eocene of Trinidad as “Nodosaria longiscata d’Orbigny” 
(Quart. Jour. Geol. Soc., vol. 84, p. 181, pl. 4, fig. 13, 1928). A somewhat 
similar form is figured by Coryell and Embich from the upper Eocene of 
Panama as “Tubinella jenningsi” (Jour. Paleontology, vol. 11, p. 293, pi. 41, 
fig. 14, 1937) but the wall is described as calcareous and imperforate. 


Ellipsonodosaria sp. B 
Plate 17, figures 19-23 


Fragmentary specimens are figured. They show elongate chambers some- 
what contracted at the ends, but the apertural ends are missing. One specimen 
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with a spinose proloculum may be the initial end. It is close to the form figured 
by Cushman and G. D. Hanna as “Nodosaria (Dentalina) consobrina 
d’Orbigny” (California Acad. Sci. Proc., ser. 4, vol. 16, p. 214, pl. 13, figs. 
12, 13, 1927) from the upper Eocene of California. The form with a peculiarly 
costate proloculum (pl. 17, fig. 19) may also belong here. 


Ellipsonodosaria sp. C 
Plate 17, figures 24-28 


Numerous specimens of a small species in the upper part of the Garza 
Creek section show a thick wall and distinctly hispid surface. The specimens 
are easily broken and except in the specimen figured none of them shows more 
than two chambers. In no case is the aperture well enough preserved to show its 
characters. It may be a good index fossil for this part of the section but its 
description must await the finding of better material. 


Genus Ellipsoglandulina A. Silvestri, 1900 
Ellipsoglandulina sp. 
Plate 17, figure 29 


The figured specimen evidently belongs to this genus although the last- 
formed chamber covers nearly all the previous ones. There seems to be no sign 
of a biserial stage and the aperture is typical for this family. 


Famity ROTALIIDAE 


Genus Valvulineria Cushman, 1926 
Valvulineria advena Cushman and Siegfus 
Plate 17, figures 30a-c 
Valvulineria advena CUSHMAN and SrecFus, Cushman Lab. Foram. Research 

Contr., vol. 15, p. 31, pl. 6, figs. 22a-c, 1939. 

“Test trochoid, unequally biconvex, dorsal side less convex than the ventral, 
somewhat compressed, periphery rounded; chambers few, four in the adult 
whorl, of uniform shape, enlarging rapidly in size as added, the last-formed one 
making up nearly half the surface of the test; sutures distinct, slightly depressed, 
very slightly curved and nearly tangential on the dorsal side, ventrally nearly 
radial; wall smooth, conspicuously perforate; aperture a fairly large opening 
over the depressed umbilical region on the ventral side with a narrow but distinct 
overhanging lip. Length 0.50 mm.; breadth 0.45 mm.; thickness 0.30 mm.” 

The types are from the Eocene Kreyenhagen shale of Little Tar Canyon, 
California. U.S.G.S. loc. 14437. 

This species differs from V. texana Cushman and Ellisor in the larger size, 
fewer chambers, and less developed lip over the aperture. 


Genus Gyroidina d’Orbigny, 1826 
Gyroidina soldanii d’Orbigny, var, octocamerata Cushman and 
G. D. Hanna 
Plate 17, figures 31a-c 
Gyroidina soldanii D’ORBIGNY var. octocamerata CUSHMAN and G. D. Hanna, 
Proc. Calif. Acad. Sci., ser. 4, vol. 16, p. 223, pl. 14, figs. 16-18, 1927.— 
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Cole, Bull. Am. Paleontology, vol. 14, no. 51, p. 29, pl. 2, figs. 22-24, 

1927.—Cushman and Schenck, Univ. Calif. Dept. Geol. Sci. Bull., vol. 

17, p. 312, pl. 44, figs. 3-5, 1928—Weinzierl and Applin, Jour. Pale- 

ontology, vol. 3, p. 406, 1929.—Cushman and Thomas, Jour. Paleontology, 

vol. 4, p. 40, pl. 4, figs. 2, 3, 1930.—Cushman, U. S. Geol. Survey Prof. 

Paper 181, p. 45, pl. 18, figs. 4a-c, 1935.—Cushman and McMasters, Jour. 

Paleontology, vol. 10, p. 514, 1936.—Bermidez, Soc. cubana historia nat. 

Mem., vol. 12, p. 12, 1938.—Parr, Jour. Roy. Soc. W. Australia, vol. 24, 

p. 83, pl. 2, figs. 14a-c, 1938.—Howe, Louisiana Dept. Cons. Geol. Bull. 

14, p. 75, pl. 9, figs. 34-36, 1939. 

This variety has a rather wide distribution in the middle and upper Eocene 
Jackson and Claiborne groups of the Gulf Coastal Plain of the United States, 
Mexico, and California, and is recorded from the Eocene of Cuba and 
Australia. The form recorded by Cole as G. guayabalensis (Bull. Am. 
Paleontology, vol. 14, no. 51, p. 28, pl. 2, figs. 24-26, 1927) from Mexico 
may be the same, but his type figure seems to show a form with a still more 
strongly convex ventral side. The variety shows a considerable amount of 
variation. 


Gyroidina orbicularis d’Orbigny, var. planata Cushman 
Plate 17, figure 32 


Gyroidina orbicularis D’ORBIGNY var. planata CusHMaN, UV. S. Geol. Survey 
Prof. Paper 181, p. 45, pl. 18, figs. 3a-c, 1935. 


Very typical specimens of this variety occur in the Kreyenhagen, especially 
the lower portion as exposed in Oil Canyon although it occurs at other 
localities as noted on the chart. The types are from the Jackson Eocene of 
South Carolina. Nuttall’s specimens from the Eocene Aragon of Mexico 
referred to “Gyroidina girardana (Reuss)” (Jour. Paleontology, vol. 4, p. 287, 
1930) probably belong to this variety. 


Genus Eponides Montfort, 1808 
Eponides cf. E. patelliformis Stadnichenko 
Plate 17, figures 33a-c 
The figured specimen from Garza Creek shows a very close relationship 
with the species described from the Eocene Claiborne of Texas. The species 
has a fairly high spire of four or more whorls and the chambers of uniform 


shape throughout. 


Eponides umbonata (Reuss) 
Plate 17, figures 35a, b 


Very typical specimens of this species, with the straight radial dorsal 
sutures and peculiarly sigmoid ventral sutures occur in the Kreyenhagen 
material. Especially fine specimens occur in the collections from Little Tar 
Canyon. An examination of Nuttall’s material from the Eocene Aragon of 
Mexico shows that his form is the same as that from California. According to 
the records, this species has a very wide range from Eocene to Recent. The 
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Eocene specimens are certainly very similar to those recorded from other 


periods. 


_Famity AMPHISTEGINIDAE 
Genus Asterigerina d’Orbigny, 1839 


Asterigerina crassaformis Cushman and Siegfus 
Plate 18, figures la-c 


Asterigerina crassaformis CUSHMAN and Srecrus, Cushman Lab. Foram. 
Research Contr., vol. 11, p. 94, pl. 14, figs. 10a-c, 1935. 


“Test trochoid, plano-convex, dorsal side flattened, ventral side very strongly 
convex, especially in the central portion, cempletely involute, periphery acute, 
slightly keeled; chambers distinct, six or seven in the adult whorl, dorsally 
narrow, much overlapping, of rather uniform size and shape, ventrally with 
thomboid supplementary chambers forming an inner ring about an umbonate 
central area of clear shell material; sutures very distinct, very slightly limbate, 
dorsally very oblique, ventrally nearly radial and slightly depressed; wall 
smooth, finely perforate; aperture a narrow opening in the middle of the base 
of the final chamber on the ventral side. Diameter 0.40 to 0.50 mm.; thickness 
0.25 to 0.40 mm.” 

This species is common in certain parts of the Kreyenhagen from Garza 


Creek and should prove to be a good index fossil. 


Famity CHILOSTOMELLIDAE 
Genus Pullenia Parker and Jones, 1862 


Pullenia eocenica Cushman and Siegfus 
Plate 18, figures 2a, b 


Pullenia eocenica CUSHMAN and SieGFus, Cushman Lab. Foram. Research 
Contr; vol, 19; p. 31, pley, figs sla; bb; 1939: 


“Test broadly rounded, slightly if at all compressed, close-coiled, not 
depressed at the umbilicus, periphery broadly rounded; chambers distinct, 
inflated, normally five in the adult coil, increasing slowly in size as added, 
apertural face low; sutures distinct, only slightly depressed; wall smooth; 
aperture low, at the base of the apertural face, running almost the entire width 
of the test. Diameter 0.40 to 0.50 mm.; thickness 0.35 to 0.45 mm.” 

The types are from Kreyenhagen shale, Garza Creek, Kings County, 
California. 

This species differs from P. bulloides (d’Orbigny) in having normally 
five instead of four chambers, and the aperture extending to the limits of the 
chamber at the sides. 


This is similar to the Eocene material from Hungary referred by Hantken 
(Mitth. Jahrb. k. Ungar. geol. Anstalt, vol. 4, 1875, p. 59, pl. 10, fig. 9, 1881) 
to d’Orbigny’s species. 
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Famity CASSIDULINIDAE 


Genus Pulvinulinella Cushman, 1926 
Pulvinulinella tenuicarinata Cushman and Siegfus 
Plate 18, figures 4a-c 
Pulvinulinella tenuicarinata CUSHMAN and SrEGFUS, Cushman Lab. Foram. 

Research Contr., vol. 11, p. 95, pl. 14, figs. 1la-c, 1935. 

“Test trochoid, biconvex, periphery acute, strongly carinate, the carina 
irregularly toothed; chambers soonewhat obscure due to the secondary thickening 
over the sutures Which nearly covers the chambers, about ten in the adult whorl; 
sutures on the ventral side slightly curved, pealy radiate, strongly limbate aa 
fused over the umbilical area, on the deel side much thickened and fused, 
covering nearly the whole surface; wall finely perforate; aperture a small opening 
in the axis of coiling just ventral to the peripheral keel. Diameter 0.45 to 0.65 
mm.; thickness 0.30 to 0.40 mm.’ 

ane species, described from the “G” member of the Kreyenhagen of 
Canoas Creek, occurs also fairly commonly in the material from Garza Creek. 
The specimens recorded by Nuttall as “Pulvinulinella (?) culter var. mexicana 
Cole” (Jour. Paleontology, vol. 4, p. 293, 1930) from the Eocene Aragon of 
Mexico seem, on comparison with topotypes from Cole’s localities, closer to 
the present species than to Cole’s variety. 


Genus Cassidulina d’Orbigny, 1826 
Cassidulina globosa Hantken 
Plate 18, figures 3a, b 
Cassidulina globosa HANTKEN, Magyar kir. foldt. int. Evkonyve, vol. 4, p. 54, 
pl. 16, fig. 2, 1876—Liebus, Neues Jahrb., 1901, p. 125, 1901; K.-k. geol. 
Reichsanstalt Jahrb., vol. 56, p. 357, figs. 5a-c (in text) , 1906—Martinotti, 
Soc. italiana sci. nat. Atti, vol. 62, p. 328, 1923.—Cushman, Cushman 
Lab. Foram. Research Contr., vol. 1, p. 56, pl. 9, figs. 25, 26, 1925.—Cole, 
Bull. Am. Paleontology, vol. 14, no. 51, p. 32, 1927.—Cushman, Jour. Pale- 
ontology, vol. 1, p. 167, pl. 26, fig. 13, 1927—Cole, Bull. Am. Paleontology, 
vol. 14, no. 63, p. 216(16), 1928—Cushman, U. S. Geol. Survey Prof. 
Paper 181, p. 49, pl. 20, figs. 12a, b, 1935; Cushman Lab. Foram. Research 
Contr., vol. 15, p. 73, 1939. 
This is a small species but rather characteristic of the upper Eocene and 
widely distributed in Europe and America. It occurs in the Eocene of Mexico, 
of the Gulf Coastal Plain region of the United States, and of Georges Bank. 


Famity HANTKENINIDAE 


Genus Hantkenina Cushman, 1924 
Hantkenina cf. H. dumblei Weinzierl and Applin 
Plate 17, figure 34 

' Hantkenina dumblei Wetnziert and AppLin, Jour. Paleontology, vol. 3, p. 
402, pl. "43, figs: 9a; b, 1929. —Cushman and Siegfus, Cushman Lab. 

Boren Research Contr; vol. 15; pa32; pl. 7; fg. 2, 1939. 
Although the spines on the figured specimen are ace. the angles and 
shape of the chambers are very similar to those of the type of H. dumblei. 
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Specimens are rare. The identity of this species seems to indicate the close 
correlation between this part of the Kreyenhagen and Claiborne of Texas and 
Mexico. 


Famity GLOBOROTALIIDAE 
Genus Globorotalia Cushman, 1927 


Globorotalia cf. G. aragonensis Nuttall 
Plate 18, figures 5a, b 


In the lower part of the Kreyenhagen shale there are specimens which are 
very close to the types of this species described by Nuttall from the Eocene 
Aragon formation of Mexico. The only appreciable difference is that our 
specimens have a slightly rougher, more spinose surface than the average of 
the types. They occurred mainly in the collections from the Canoas siltstone 


member in Oil Canyon and Little Tar Canyon. 
Famity ANOMALINIDAE 
Genus Anomalina d’Orbigny, 1826 


Anomalina garzaensis Cushman and Siegfus 


Plate 18, figures 6a-c 


Anomalina garzaensis CUSHMAN and SigcFus, Cushman Lab. Foram. Research 

Contr., vol. 15, p. 32, pl. 7, figs. 3a-c, 1939. 

“Test nearly planispiral in the adult, much compressed, somewhat depressed 
in the middle portion of both sides, periphery rounded to subacute; chambers 
numerous, twelve to fifteen in the adult whorl, of rather uniform shape, 
increasing very gradually in size as added, all visible from the dorsal side, ventral 
side slightly evolute; sutures distinct, slightly depressed, very slightly curved, 
earlier ones on the dorsal side tending to become limbate; wall distinctly perforate, 
smooth, except on the ventral side where the inner ends of the chambers are 
often slightly expanded and a definite boss appears in the umbilical region; 
aperture small, at the base of the last-formed chamber in the median line. 
Diameter 0.45 to 0.55 mm.; thickness 0.15 mm.” 

The types are from the Eocene, Kreyenhagen shale of Garza Creek, 
California. 

This species differs from A. alazanensis Nuttall in the less flattened ventral 
side, somewhat broader and shorter chambers, less limbate sutures, and different 
ornamentation on the ventral side. 


Anomalina crassisepta Cushman and Siegfus 
Plate 18, figures 1la-c 


Anomalina crassisepta CUSHMAN and SrecFus, Cushman Lab. Foram. Research 

Contr., vol. 11, p. 95, pl. 14, figs. 12a-c, 1935. 

“Test trochoid in the early stages, becoming nearly planispiral in the adult, 
almost completely involute, periphery in early stages subacute, in adult broadly 
truncate; chambers distinct, about nine in the last-formed whorl, increasing 
rather uniformly in size as added, ventrally slightly inflated; sutures distinct, 
on the ventral side slightly curved and depressed, dorsally very much thickened, 
especially toward the inner end, strongly curved and merging into a peripheral, 
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raised border; wall coarsely perforate; aperture a low opening at the peripheral 
margin at the base of the last-formed chamber, and continuing somewhat to 
the ventral side. Length 0.65 to 0.80 mm.; breadth 0.55 to 0.65 mm.; thickness 
0.25 to 0.30 mm.” 

This is a well characterized species and should make a good index fossil 
for the Canoas siltstone member of the Kreyenhagen. 


Anomalina dorri Cole var. aragonensis Nuttall 
Plate 18, figure 7 


Anomalina dorri COLE var. aragonensis Nuttall, Jour. Paleontology, vol. 4, 
p. 291, pl. 24, fig. 18; pl. 25, fig. 1, 1930—Bermudez, Soc. cubana historia 
nat. Mem., vol. 11, p. 340, 1937.—Cushman and Siegfus, Cushman Lab. 
Foram. Research Contr., vol. 15, p. 32, pl. 7, fig. 5, 1939. 

The specimens have been compared with the types of Nuttall’s variety 
from the Eocene Aragén of Mexico and seem to be identical. They are present 
in the lower part of the Kreyenhagen in Little Tar Canyon. This is a striking 
form with its very coarse perforations giving a strongly pitted appearance to 
the surface. It is also recorded from the Eocene of Cuba. 


Genus Cibicides Montfort, 1808 


Cibicides venezuelanus Nuttall 
Plate 18, figures 8a-c 


Cibicides venezuelana NUTTALL, Jour. Paleontology, vol. 9, p. 131, pl. 15, figs. 
25-27, 1935.—Bermudez, Soc. cubana historia nat. Mem., vol. 11, p. 345, 
1937.—Cushman and Siegfus, Cushman Lab. Foram. Research Contr., 
vol. 15; ip..32,0pl. 7,. figs. 4a-c, -1939. 

Nuttall described this species from the upper Eocene Pauji shale of 
Venezuela. The holotype of Nuttall’s species has been compared with the 
material from Garza Creek, and they seem identical. The ornamentation, 
particularly of the ventral side, is distinctive, somewhat resembling that of 
Anomalina cocoaensis Cushman from the Gulf Coastal upper Eocene of the 
United States but the dorsal side is very different. The measurements of our 
specimens also agree very closely with those of the Venzuelan species. 


Cibicides cushmani Nuttall 
Plate 18, figures 10a-c 


Cibicides cushmani NuttAatt, Jour. Paleontology, vol. 4, p. 291, pl. 25, figs. 
3, 5, 6, 1930; idem, vol. 6, p. 3, 1932.—Bermudez, Soc. cubana historia 
nat. Mem., vol. 11, p. 344, 1937.—Cushman and Siegfus, Cushman Lab. 
Foram. Research Contr., vol. 15, p. 33, pl. 7, figs. 7a-c, 1939.—Cushman, 
idem, p. 76, pl. 12, figs. 25a, b, 1939. 

“Test plano-convex, the dorsal side flattened or even slightly concave, the 
ventral side rounded except in the umbilical region which is somewhat depressed; 
periphery subacute, about ten chambers in the last-formed coil; sutures distinct, 
on the dorsal side limbate, of clear shell material, somewhat broader toward the 
inner chamber margin, ventrally somewhat depressed or else limbate; wall 
between the sutures finely punctate; aperture peripheral at the base of the last- 
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formed chamber, elongate, arched, with a slight trace of overhanging lip. 
Diameter up to 0.5 mm.” 

The specimens show a considerable range of variation but the types and 
paratypes from the Eocene Aragén formation of Mexico have a very similar 
range. 

Cibicides martinezensis Cushman and Barksdale 
Plate 18, figures 9a-c 
Cibicides martinezensis CUSHMAN and BarKSsDALE, Stanford Univ., Dept. 

Geol., Contr., vol. 1, p. 68, pl. 12, figs. 9a-c, 1930.—Cushman and 

Dusenbury, Cushman Lab. Foram. Research Contr., vol. 10, p. 64, 1934. 

—Cushman and Siegfus, idem, vol. 15, p. 33, pl. 7, figs. 6a-c, 1939. 

The figured specimen from Garza Creek is very close to that described 
from the Paleocene Martinez formation of California. It has been compared 


with the paratypes. 


EXPLANATION OF PLATES 


PLATE 15 
Figs Bathysiphon eocenica Cushman and G. D. Hanna. X 28. 
Figs. 2,3. Hyperammina elongata H. B. Brady ? 50. 
Bice: Ammodiscus sp. X 33. 
Fig. >: Cyclammina samanica W. Berry. 50. 
Fig. 6. Textularia mississippiensis Cushman. % 25. 


Figs. 7, 8. Vulvulina curta Cushman and Siegfus. * 60. 7a, front view; 
b, apertural view. 

Figs 9: Dorothia principensis Cushman and Bermudez. * 50. 

Figs. 10, 11. Plectina garzaensis Cushman and Siegfus. 50. 10a, front view; 
b, apertural view. 

Figs. 12, 13. Tritaxilina colei Cushman and Siegfus. X 40. 13a, front view; 
b, apertural view. 

Fig. 14. Martinottiella cf. M. petrosa (Cushman and Bermudez). * 33. 

Figs. 15-17. Spiroloculina? sp. X 33. 

Fig. 18. Sigmoilina? X 34. 

Figs. 19-21. Robulus alato-limbatus (Gumbel) ?. * 56. 

Riga 22, Robulus welchi Church ?. * 56. 

Fis. 23. Robulus pseudovortex Cole. * 56. 

Fig. 24. Robulus gyroscalprus (Stache) ?. % 50. 

Bige2): Robulus sp. * 34. 

Fig. 26. Lenticulina theta Cole ?. X 56. 


PLATE 16 
Figs. 1,2. Dentalina? sp. X 50. 
Figs. 3,4. Dentalina? sp. X 50. 


Figs 5. Dentalina? sp. * 56. 
Fig. 6. Dentalina? sp. 50. 
Bigs, 7. Dentalina jacksonensis (Cushman and Applin). % 33. 


Fig. 8. Dentalina? sp. * 50. 
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Fig. 9. 
Figs. 10, 11. 
Bigs iZ, 15: 
Figs. 14-17. 
Figs. 18-20. 
Figs 21: 
Big2 22. 
Fig. 23. 
Figs 24, 
Big.: 2): 
Fig. 26. 
Bigsa27, 26. 


Fig. 29. 
Fig. 30. 
Figs. 31-35. 
Fig. 36. 
Bigs, 37: 


Fig. 38. 


Bigs 39. 


Figen. 
Pig. 2: 


Fig. 3. 
Bie. 


Big, 03: 
Fig. 6. 


Fig.. 7; 
Fig. 8. 
Fig. -9. 
Figs. 10, 11. 
Figs. 12, 13. 


Fig. 14. 

Figs. 15-18. 
Figs. 19-23. 
Figs. 24-28. 


PLATE 16 (continued) 


Dentalina? sp. * 56. 

Dentalina? sp. * 33. 

Dentalina hispido-costata Cushman and Siegfus. * 26. 

Planularia cf. P. markleyana Church. 33. 

Marginulina asperuliformis (Nuttall). 23. 

Marginulina subbullata Hantken. * 50. 

Marginulina? sp. X 31. 

Nodosaria? sp. X 33. 

Lagena acuticosta Reuss. % 82. 

Lagena cf. L. orbignyana (Seguenza). 33. 

Globulina gibba d’Orbigny. * 56. 

Bolivinopsis directa (Cushman and Siegfus). % 50. 28a, front 
view; b, apertural view. 

Plectofrondicularia garzaensis Cushman and Siegfus. 36. 

Plectofrondicularia sp. % 50. 

Amphimorphina ignota Cushman and Siegfus. % 23. 

Nodogenerina ? sp. * 28. 

Buliminella grata Parker and Bermudez. * 50. a, 6, opposite 
sides. 

Bulimina corrugata Cushman and Siegfus. * 80. a, front view; 
b, apertural view. 


Bulimina cf. B. guayabalensis Cole. x 56. 
PLATE 17 


Bulimina garzaensis Cushman and Siegfus. 79. a, front view; 
b, apertural view. 

Bulimina curtissima Cushman and Siegfus. 85. a, front view; 
b, apertural view. 

Bulimina cf. B. lirata Cushman and Parker. 34. 

Bifarina nuttalli Cushman and Siegfus. X 28. a, front view; b, 
apertural view. 

Uvigerina garzaensis Cushman and Siegfus. * 34. a, front view; 
b, apertural view. 

Uvigerina churchi Cushman and Siegfus. * 34. a, front view; 
b, apertural view. 

Pleurostomella sp. X 33. 

Pleurostomella acuta Hantken. 30. 

Pleurostomella cf. P. rimosa Cushman and Bermudez. X 36. 

Pleurostomella nuttalli Cushman and Siegfus. 40. 

Nodosarella advena Cushman and Siegfus. 36. 13a, front 
view; 5, apertural view. 

Nodosarella ignota Cushman and Siegfus. % 31. 

Ellipsonodosaria sp. A. 33. 

Ellipsonodosaria sp. B. % 33. 21, apertural view. 

Ellipsonodosaria sp. C. 24, 26-28, 33; 25, X 5€. 
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PLATE 17 (continued) 
Ellipsoglandulina sp. X 34. 


Valvulineria advena Cushman and Siegfus. 33. a, dorsal view; 
b, ventral view; c, peripheral view. 

Gyroidina soldanii d’Orbigny var. octocamerata Cushman and G. 
D. Hanna. 69. a, dorsal view; 6, ventral view; c, peripheral 
view. 

Gyroidina orbicularis d’Orbigny var. planata Cushman. X 26. 
Dorsal view. 

Eponides cf. E. patelliformis Stadnichenko. X 69. a, dorsal view; 
b, ventral view; c, peripheral view. 

Hantkenina cf. H. dumblei Weinzierl and Applin. < 40. 

Eponides umbonata (Reuss). * 56. a, dorsal view; 6, ventral 
view. 


PLATE 18 


Asterigerina crassaformis Cushman and Siegfus. 80. a, dorsal 
view; 6, ventral view; c, peripheral view. 

Pullenia eocenica Cushman and Siegfus. * 56. a, side view; b, 
apertural view. 

Cassidulina globosa Hantken. * 86. a, side view; b, apertural 
view. 

Pulvinulinella tenuicarinata Cushman and Siegfus. X 80. a, 
dorsal view; 6, ventral view; c, peripheral view. 

Globorotalia cf. G. aragonensis Nuttall. < 33. a, dorsal view; 
b, ventral view. 

Anomalina garzaensis Cushman and Siegfus. ~ 56. a, dorsal 
view; 6, ventral view; c, peripheral view. 

Anomalina dorri Cole var. aragonensis Nuttall. X 33. 

Cibicides venezuelanus Nuttall. < 56. a, 6, opposite sides; c, 
peripheral view. 

Cibicides martinezensis Cushman and Barksdale. < 56. a, dorsal 
view; 6, ventral view; c, peripheral view. 

Cibicides cushmani Nuttall. X 66. a, dorsal view; 6, ventral 
View; c, peripheral view. 

Anomalina crassisepta Cushman and Siegfus. X 60. a, dorsal 


view; b, ventral view; c, peripheral view. 


PEATE 9 


Clavulinoides sp. % 32. 

Dorothia? sp. X 60. 

Bolivina aragonensis (Nuttall). 60. 

Trifarina cf. T. advena Cushman. 60. 

Nodosaria? sp. * 32. 

Ellipsopleurostomella stewarti Cushman and Siegfus, n. sp. * 67. 
13, Holotype; 14, Paratype. 
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FOR EXPLANATION OF PLATE SEE PAGE 424 
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FOR EXPLANATION OF PLATE SEE PAGES 424, 425 
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FOR EXPLANATION OF PLATE SEE PAGES 425, 426 


CUSHMAN & SIEGFUS—-KREYENHAGEN FORAMINIFERA Pirate 18 


FOR EXPLANATION OF PLATE SEE PAGE 426 
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TWO NEW WRENS AND A NEW JAY FROM 
LOWER CALIFORNIA, MEXICO 


Be 


LaurENcE M. Huey 
Curator of Birds and Mammals, San Diego Society of Natural History 


THE BEWICK WRENS OF LOWER CALIFORNIA, MEXICO, 
WITH THE DESCRIPTION OF TWO NEW RACES 


A series of fall taken specimens of Thryomanes benickii from dif- 
ferent localities in central and southern Lower California, Mexico, in 
the collection of the San Diego Society of Natural History has thrown 
new light on the Bewick Wrens living over the greater part of the length 
of the peninsula. Not only does it reveal an extension of the previously 
known range of Thryomanes, but it provides a clearer picture of the 
relationships and distribution of this species in Lower California. 


Reviewing the literature, we find that the earliest description of a 
Bewick Wren from the region under discussion was that of Thryothorus 
cerroensis (now Thryomanes bewickii cerroensis) by Anthony in 1897, 
with type locality of Cerros (= Cedros) Island.’ In 1898 Oberholser 
revised the genus Thryomanes, including the name of Thryomanes 
bewickii chavienturus’ “from the coast region of southern California 
north to about Pasadena, south to latitude 28°, Lower California,” and 
with type locality designated as Nachogiiero Valley, which is in extreme 
northern Lower California, a few miles southwest from Jacumba, San 
Diego County, California. In 1927, Grinnell discovered that the range 

1Anthony, A. W. New Birds from the Islands and Peninsula of Lower California. 
Auk, Vol. 145 po 166, 1897. 


2Oberholser, Harty C. A Revision of the Wrens of the Genus Thryomanes Sclater. 
Proc. U. S. Nat. Mus., Vol. 21, p. 435, 1898. 
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assigned to the race T. 6. charienturus by Oberholser, in reality was 
occupied by two races, one as yet unnamed. He assumed that charien- 
turus characters would apply to the wren of the San Diegan district and 
described a southern form, T. 6. carbonarius,’ using as the type a 
specimen collected at San José, latitude 31°, at an elevation of 2500 
feet on the west slope of the Sierra San Pedro Martir; and restricting 
the range of T. 6. charienturus to an area from the vicinity of the Inter- 
national Boundary northward along the coast of California to Monterey 
County. Later,’ with fresh fall specimens at hand from Nachogtero 
Valley, which he found corresponded exactly with the San Pedro Martir 
race, he revised his findings, relegating his name T. 0. carbonarius to 
synonymy under T. 6. charienturus, and applying a new name, T. b. 
correctus, with type locality at Pasadena, California, to the more north- 
erly coastal race. 


The name T. 6. charienturus thus applies today to all the Bewick 
Wrens inhabiting the foothill slopes and coastal areas of northern Lower 
California west of the Sierra San Pedro Martir. With this determination 
the present writer is in accord. However, in the light of accumulated 
specimens, he is convinced that the range of the primarily insular race 
Thryomanes bewickii cerroensis does not extend all the way from latitude 
30° to latitude 25°, as stated in Grinnell’s “Summation.”” The writer 
believes that this form is limited to Cedros Island and the coastal area 
immediately adjacent, north to about Playa Maria Bay (lat. 28° 50’) 
and south no further than San Ignacio Lagoon (lat. 26° 50’). 


For the wrens of the mid-peninsula the new name Thryomanes 
bewickii atricauda is herewith proposed, and for those of the Magdalena 
Plain the new name Thryomanes bewickii magdalenensis. The characters 
and measurements differentiating them from the previously described 
races are set forth in detail. 


From north to south the Bewick Wrens of Lower California (ex- 
cluding distant Guadalupe Island) can therefore be arranged in the 
order that follows. All specimens used in this study are in the collection 
of the San Diego Society of Natural History, with the exception of ten 
topotype specimens of Thryomanes bewickii cerroensis from the collec- 


3Grinnell, Joseph. Six New Subspecies of Birds from Lower California. Auk, Vol. 
Aste 072. 1907, 

4Grinnell, Joseph. Notes on the Systematics of West American Birds, II. Condor, 
Vol. 30, p. 154, 1928. 

>Grinnell, Joseph. A Distributional Summation of the Ornithology of Lower Cali- 
fornia. Univ. Calif. Publ. Zool., Vol. 32, pp. 1-300, 1928. 
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tion of the Museum of Vertebrate Zoology, Berkeley, the loan of which, 
through the courtesy of Dr. Alden H. Miller, is acknowledged with 


appreciation. 


Thryomanes bewickii charienturus Oberholser 
Sooty Bewick WREN 


Type locality—lNachogiero Valley, Northern Lower California, Mexico. 


Subspecific characters—T. b. charienturus differs from T. b. correctus 
of the coast district of California in the following characters: it is grayer in 
general dorsal coloration rather than brown; it has a slightly longer wing and 
smaller bill; webs of the flight feathers are darker, more slaty. 

Range—The northwestern section of Lower California, Mexico, princi- 
pally west of the mountain divide, from the International Boundary south to 
the vicinity of El Rosario, at latitude 30°. 

Specimens examined.—1 from El Rayo, Sierra Juarez; 1 from Gaskill’s 
Tank, east slope of Sierra Juarez; 3 from De Marra’s Well, east slope of 
Sierra Juarez; 1 from Ojos Negros; 1 from 10 miles southeast of Alamo; 1 
from Valladares Creek, west slope of Sierra San Pedro Martir; 1 from 8 miles 
south of Santa Maria near San Quintin; 1 from El Rosario; 1 from 8 miles 
east of El Rosario; 1 from Canyon San Juan de Dios. 


Thryomanes bewickii atricauda subsp. nov. 
Mip-PENINSULA Bewick WREN 


Type.—From San Borjas Mission, Lower California, Mexico, lat. 28° DD. 
north, long. 113° 53’ west; no. 18283, collection of the San Diego Society of 
Natural History; adult male; collected by Laurence M. Huey, October 13, 
1941. 


Subspecific characters—In fresh fall plumage, T. 6. atricauda is dorsally 
darker gray than T. b. charienturus, its more northern relative. It has a 
shorter wing and tail of which the web color of the feathers, especially those of 
the tail, is deeper, more intensified. It differs from T. 6. cerroensis in having 
a slightly longer wing and tail, and having the web of the flight feathers darker. 
The general tone dorsally is slaty, rather than brownish. It has a heavier bill 
than either T. 6. charienturus or T. b. cerroensis. 


Range.—The middle section of Lower California, Mexico, from latitude 
30° south to near latitude 26°, excepting the limited range of T. b. cerroensis 
as stated below. T. b. atricauda is most typical from the inland localities where 
the proximity of the ocean has less influence on the vegetation. 


Specimens examined.—4 from San Agustin (not typical); 1 from Santa 
Catarina (not typical); 4 from 10 miles north of Catavifia; 3 from Catavifia; 
3 from 7 miles south of Catavifia; 4 from 25 miles north of Punta Prieta; 1 
from Punta Prieta; 8 from San Andrés (not typical); 3 from San Borjas 
Mission (type locality). 
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Thryomanes bewickii cerroensis (Anthony) 
Cepros IsLtanp BewicK WREN 


Type locality—Cerros { =Cedros} Island, Lower California, Mexico. 


Subspecific characters —In dorsal coloration, this race is brownish rather 
than slaty or grayish. The feather webs of the wings and tail are not black 
as are those of T. 6. atricauda, but of a brownish tone resembling more that 
color of T. b. correctus from the coastal area of southern California. The wings 
and tail of T. b. cerroensis are slightly shorter than those of T. 6. atricauda 
and the bill is more slender. 


Range.—Cedros Island and the immediate coastal area nearest Cedros 
Island from about Playa Maria Bay south to an, as yet, undetermined point 
on the coast north of San Ignacio Lagoon. 


Specimens examined.—2 from Santa Rosalia Bay; 1 from Santo Domingo 


Landing, lat. 28° 15’; 12 from Cedros Island (type locality) ; 2 from Mesquital 
(not typical). 


Thryomanes bewickii magdalenensis subsp. nov. 
MacpALENA Bewick WREN 


Type-——From Santo Domingo, Magdalena Plain, Lower California, 
Mexico, lat. 25° 30’; no. 18453, collection of the San Diego Society of Natural 
History; adult male; collected by Laurence M. Huey, November 20, 1941. 


Subspecific characters —The general dorsal color of T. b. magdalenensis 
is grayish, with a tendency towards the brownish color of T. 6. cerroensis. It 
is a warmer color than the grayish, slaty cast of T. b. atricauda. However, the 
webs of the flight feathers differ in tone from them both, being grayish, rather 
than either black or brownish. A greater area of the sides and flanks of T. 5. 
magdalenensis has a plumbeous wash, more so than is to be found on either of 
the other two races. In size of wing and tail T. 6. magdalenensis is smaller 
than either, though the bill resembles that of T. 6. cerroensis in slenderness. 


Range.—The coastal plain bordering Magdalena Bay from about latitude 
26° south to about latitude 24°. 


Specimens examined —10 from Santo Domingo, lat. 25° 30’; 1 from 
Arroyo Seco, lat. 24°. 
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MEASUREMENTS OF FALL TAKEN Thryomanes bewicku atricauda 


Middle Toe 


MaLes Wing Tail Culmen Tarsus with Claw Locality 
13817 51.0 52.3 13.9 WY/>5) 16.2 25 mi. N Punta Prieta 
13861 50.7 51.8 152 16.3 14.3 25 mi. N Punta Prieta 
11786 50.1 50.5 13.9 17.8 14.8 Punta Prieta 
18282 51.0 52.9 13.8 17.8 14.6 San Borjas Mission 
18283 * Doe Bee 13.4 16.1 14.0 San Borjas Mission 
Average 51.0 52.1 13.7 17.1 14.7 
FEMALES 
13556 52.2 33} 13.3 17.4 15.3 25 mi. N Punta Prieta 
13862+ 48.4 46.0 W227; 16.6 14.9 25 mi. N Punta Prieta 
18272 47.1 47.9 WS) We2: 14.9 San Borjas Mission 
Average 49.2 49.0 12.8 17.0 15.0 
*Type. 
+(im. ) 
MEASUREMENTS OF FALL TAKEN Thryomanes bewickui cerroensis 
Middle Toe 
MaL_Les Wing Tail Culmen Tarsus with Claw Locality 
59618} 50.7 49.5 =—— 17.8 15.3 Cedros Island 
2542 50.6 — 13.0 17.7 14.8 Cedros Island 
12017 50.3 49.4 13.0 18.0 14.9 Mesquital 
Average 50.5 49.4 13.0 17.8 15.0 
FEMALES 
47816t+ 48.6 44.7 13.0 18.0 14.0 Cedros Island 
47818+ 45.7 = 11.6 WAS} 5jsI Cedros Island 
12002 48.2 49.1 — 17.8 14.5 Mesquital 
13761 48.7 DIED 2E7, 17.4 14.1 Santa Rosalia Bay 
13762 47.6 50.3 12.8 16.3 14.7 Santa Rosalia Bay 
18491 48.8 49.2 VEY 7a 14.6 Santo Domingo Landing 
Average 47.9 48.9 12.5 17.3 14.5 


+Museum of Vertebrate Zoology. 


MEASUREMENTS OF FALL TAKEN Thryomanes bewickii magdalenensis 


Ma_LeEs 


18438 
18440 
18441 
18442 
18443 
18452 
18453 * 
18456 
Average 


FEMALES 
18410 
18437 
18444 

Average 


* Type. 


Wing 


49.5 
49.2 
49.8 
49.3 
48.5 
Ge 
49.5 
50.4 
49.4 


48.5 
47.9 
47.5 
47.9 


Middle Toe 
Tail Culmen Tarsus with Claw 
47.4 1229 17.4 14.8 
48.7 13.4 7a 14.4 
48.5 12.8 VAM 14.8 
48.7 27, 3! 14.1 
48.1 — 17.4 15.3 
47.5 13.4 17.3 14.9 
48.2 13.3 17.0 14.5 
49.7 12.9 17.3 14.9 
48.3 13.0 17.2 14.7 
46.0 12.6 16.9 14.3 
48.0 12.0 16.5 14.0 
45.4 12.4 WI 15.6 
46.4 12.3 16.8 14.6 


Locality 


Santo Domingo (25° 30’ ) 
Santo Domingo (25° 30’ ) 
Santo Domingo (25° 30’ ) 
Santo Domingo (25° 30’ ) 
Santo Domingo (25° 30’ ) 
Santo Domingo (25° 30’ ) 
Santo Domingo (25° 30’ ) 
Santo Domingo (25° 30’ ) 


Arroyo Seco (24°) 
Santo Domingo (25° 30’ ) 
Santo Domingo (25° 30’ ) 
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A NEW JAY FROM LOWER CALIFORNIA, MEXICO 


Numerous trips into Lower California, during the past nineteen 
years, have resulted in the accumulation in the collection of the San 
Diego Society of Natural History, of a good representation of fresh- 
plumaged fall specimens of Aphelocoma from key points throughout 
the peninsula. Study of these has shown that there exists in the mid- 
section of the peninsula a hitherto unrecognized race worthy of name. It 
may be known as: 


Aphelocoma californica cactophila subsp. nov. 
DESERT CALIFORNIA JAY 


Type.—From 3 miles north of Punta Prieta, Lower California, Mexico; 
lat. 28° 56’ north, long. 114° 12’ west; no. 13549, collection of the San Diego 
Society of Natural History; adult female; collected by Laurence M. Huey, 
October 24, 1930. 


Characters —In color A phelocoma californica cactophila is closest to A. c. 
hypoleuca of the Cape District of Lower California. From that form it differs 
in the general tone of the back, which is darker, more slaty; also the underparts 
are not as white as are those of hypoleuca, having a faint wash of gray color 
which is more highly exemplified in Aphelocoma californica obscura from the 
northernmost parts of the peninsula and in the races farther north in upper 
California. The bib, or throat, and sides of neck are of a darker shade in both 
their blue and dusky aspects than are those of hypoleuca, and lighter than those 
of obscura. 


Insofar as color characters are concerned, cactophila is barely beyond the 
range of variation shown by a series of hypoleuca. However, when measure- 
ments are compared, distinct differences from both hypoleuca and obscura are 
revealed. The measurement charts show that cactophila has a shorter wing, tail 
and tarsus than either hypoleuca or obscura, while the culmen, depth of bill at 
nostril, and middle toe without claw are intermediate between the two. Two 
differences that are obvious to the eye, but do not lend themselves well to 
mensuration, are the character of the foot and tarsus and the shape of bill. The 
foot and tarsus of cactophila are much lighter boned than those of hypoleuca, 
resembling more those of obscura. The bill of cactophila is a smaller replica of 
that of hypoleuca, having the more angular gonys of the Cape bird, rather than 
the sharper, attenuated shape of the more northern forms. 


The color of the under tail coverts, which was used as a diagnostic 
character of jays of this species by Swarth,! was found to be of no value when 
comparing specimens taken throughout the length of Lower California. 


'Swarth, H. S. The Pacific Coast Jays of the Genus Aphelocoma. Univ. Calif. Pub. 
Zool., vol. 17, pp. 405-422, 1918. 
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Range.—From near latitude 29° 20’, south over the width of the peninsula 
to the vicinity of Mulejé, on the gulf coast near latitude 27°. On the Pacific 
slope the range extends farther south, latitude 25° 40’ being reached before 
intergradation takes place. 


Remarks.—Reference to the reports of Swarth,? Grinnell,> and Oberholser,* 
reveals that all lacked material which would have been necessary to establish the 
race herein named. 


A puzzling gap in the distribution of Aphelocoma is shown when all 
localities of record in the northern and central sections of Lower California are 
tabulated. There seems to be an area of some seventy or eighty miles in width 
that is void of jays. This lies between the southern end of the Sierra San Pedro 
Mattir and the northern end of the Sierra de Calamajué. On the north it marks 
the southern extent of the range of obscura and on the south the northern 
bounds of cactophila. In all his trips through this section, though there seems 
to be no visible barrier to exclude the species, the writer has never either observed 
or collected a jay. 


Specimens examined.>—A phelocoma californica obscura: 12 from Laguna 
Hanson, Sierra Juarez; 6 from El Rayo, Sierra Juarez; 17 from 10 miles south 
of Alamo (Rancho San Pablo); 1 from Valle de la Trinidad; 1 from summit 
of San Matias Pass; 4 from Valladares Creek, Sierra San Pedro Martir; 1 from 
La Joya, Sierra San Pedro Martir; 2 from La Grulla, Sierra San Pedro Martir; 
1 from north side of Descanso Bay; 1 from La Grulla, 20 miles south of 
Ensenada; 1 from Ojos Negros; 1 from Las Cabras (foothills west of Sierra 
San Pedro Martir). Aphelocoma californica cactophila: 2 from Santa Teresa 
Bay, 28° 22’ (Gulf side); 6 from 25 miles north of Punta Prieta; 1 from 9 
miles north of Punta Prieta; 2 from 3 miles north of Punta Prieta (type 
locality); 1 from San Borjas Mission; 2 from 5 miles north of Santa Rosalia 
Bay (Pacific side) ; 2 from Mesquital; 1 from 15 miles south of Camp Aleman; 
2 from 10 miles west of El Canyon, lat. 28° 05’; 1 from Campo Los Angeles; 
3 from 10 miles west of Santa Rosalia; 8 from Llano de San Bruno (not 
typical). Aphelocoma californica hypoleuca: 1 from San Jorge (not typical) ; 
7 from Magdalena Bay; 1 from south end of Conception Bay (not typical) ; 
3 from La Paz; 4 from 7 miles northwest of San Bartolo; 4 from 7 miles south 
of Miraflores; 2 from 9 miles east of Cape San Lucas (Arroyo El Tule). 


2Swarth, H. S. Loc. ait. 


3Grinnell, Joseph. A Distributional Summation of the Ornithology of Lower California. 
Univ. Calif. Pub. Zool., vol. 32, pp. 1-300, 1928. 


4Oberholser, Harry C. The Range and Status of Aphelocoma californica hypoleuca 
Ridgway. Auk, vol. 35, p. 480, 1918. 


SIncluding a few from the collection of Laurence M. Huey. 


MEASUREMENTS OF FALL TAKEN Aphelocoma californica obscura 


Depth 


°' 
Cul- Bill at Middle Toe 
MALES Wing Tail men Nostril Tarsus Minus Claw Locality 


10852 W217 saps 24D 8.8 40.0 21.9 La Grulla, Sierra S. P. Martir 
10930 122.6 136.5 26.0 8.2 38.8 20.8 Laguna Hanson, Sierra Juarez 
11080 123:00137-3)) 25.9 6:8) 38:7 22.4 10 mi. SE Alamo 
11092 12a IS O7n 2425 S35 SIL 21.0 10 mi. SE Alamo 
11142 119.0 135.1 26.8 SO S96 29 10 mi. SE Alamo 

Average 121.5 134.2 25.5 8.6 38.8 21.6 


FEMALES 
3345* W253) 12338) 243 8.4 38.7 21.0 Laguna Hanson 
3388* 1D Se 2> > e23"3 S00 37-7. 20.5 10 mi. SE Alamo 
11081 ZZ 087592328 Soin 593 20.0 10 mi. SE Alamo 
11123 HIS22, 912310) 5 24:0 HE) “Sif 20.0 10 mi. SE Alamo 
17216 1125) 2120:4: 9 2321 Wess B/S) 19.9 Summit, San Matias Pass 
Average 113.0 122.6 23.7 8.1 38.2 20.2 


*Collection of Laurence M. Huey. 


MEASUREMENTS OF FALL TAKEN A phelocoma californica cactophila 


Depth 


° 
Cul- Bill at Middle Toe 
MALES Wing Tail men Nostril Tarsus Minus Claw Locality 


11782 124.5 134.2 24.6 918 39:9 23.8 9 mi. N Punta Prieta 

13816 114.2 114.9 27.2 9.0 37.5 22.8 3 mi. N Punta Prieta 

13840 ING) WAS WL) 85m 393 Zita 25 mi N Punta Prieta 

14068 MOSS) ARTA page) 9.0 SED) 22.0 25 mi. N Punta Prieta 

14070 IA AAS 7a 96 37.8 73) 25 mi. N Punta Prieta 
Average 117.6 124.8 26.8 9.1 37.6 22.6 


FEMALES 

13549t 114.5 125.2 25.4 SHH. 3375) 20.8 3 mi. N Punta Prieta 

13552 WS WR 7288. 8.6 36.6 22.0 25 mi. N Punta Prieta 

13553 12°) L219 2226 8.3 -- 20.0 25 mi. N Punta Prieta 

14 0695 IETS TSG 2422 8:4, 3516 22.0 25 mi. N Punta Prieta 

18275 WIZ 22428 840 37:7 22.1 San Borjas Mission 
Average 112.3 121.1 24.1 8.4 36.8 21.3 


+Type. 


MEASUREMENTS OF FALL TAKEN A phelocoma californica hypoleuca 


“Depth 
f 


fe) 
Cul- Bill at Middle Toe 
MALES Wing Tail men  Nostril Tarsus Minus Claw Locality 


18291 12724. 14519" 9277-4: 95 39.9 225 7 mi. NW San Bartolo 

18292 12057 1385, 28:8 9.7 38.8 23.0 7 mi. NW San Bartolo 

18300 12722 13744) 227-0 9.4 40.7 23.0 7 mi. NW San Bartolo 

18317 1235) 913925 26:9 10.5 39.2 RM 9 mi. E Cape San Lucas 

18359 120.4 134.0 27.0 96 41.0 24.2 7 mi. S Miraflores 
Average 123.8 139.0 27.4 9.7 39.9 23.1 


FEMALES 

15241 iss Be AIS. 9.0 38.5 24.1 La Paz 

18293 Wiles) IB DS ON 395 22.9 7 mi. NW San Bartolo 

18318 WBZ 0O 269 8.9 39.0 22.0 9 mi. E. Cape San Lucas 

18333 LUPO" 12821925-7 9.0 37.4 21> 7 mi. S Miraflores 

18357 LU 12922 F25'6 8.3 37.8 21.0 7 mi. S Miraflores 
Average 116.1 126.8 26.2 8.8 38.4 22.3 
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Vo . IX, No. 36, pp. 435-436 OcrToser 1, 1942 


A NEW RACE OF THE RUSTY SPARROW FROM 
NORTH CENTRAL SONORA, MEXICO 


BN 


A. J. VAN RossEM 
University of California at Los Angeles 


In May and June, 1905, W. W. Brown, Jr., made a collection of 
birds for the late John E. Thayer in the Sierra de San Antonio in north 
central Sonora. This collection was reported upon by Thayer and 
Bangs in the Proceedings of the Biological Society of Washington for 
February 26, 1906, under the title of “Breeding Birds of the Sierra de 
Antonez, North Central Sonora.” One new race, a Bush-tit, was 
described at that time, but it is evident that the possibilities of this 
isolated range of mountains did not stop there and further novelties may 
be expected. This is especially true of several characteristically Mexican 
species which here reach their extreme northwestern limits. This range, 
which seems not to exceed 6000 feet in altitude, extends north and south 
between the valleys of the San Miguel and Sonora rivers. There are 
several names applied locally to various sections, but Sierra de San 
Antonio seems to be the most extensively used for the whole. 


In the case of the present species, it seems very probable that 
Thayer and Bangs overlooked good subspecific characters because of 
certain material they had for comparison. The large series of Aimophila 
rufescens mcleodi collected by Frazar in southern Sonora and 
Chihuahua, and now in the Museum of Comparative Zoology, is today 
quite worthless for even moderately accurate color comparisons and has 
bleached to about the same degree of pallor exhibited by the new race 
from the Sierra de San Antonio. This statement is based on comparison 
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with new skins from southern Sonora. On the other hand, Cahoon’s 
Sierra de Oposura series shows so little postmortem change as to be 
almost indistinguishable from modern material. 


Aimophila rufescens antonensis subsp. nov. 
La Cuumata Rusty Sparrow 


Type—Breeding male adult, no. 14601, Bangs Collection, Museum of 
Comparative Zoology; La Chumata Mine, Sierra de San Antonio, north central 
Sonora, Mexico, alt. 4500 feet, May 23, 1905; collected by W. W. Brown, Jr. 


Subspecific characters—Most closely resembling Aimophila rufescens 
mcleodii Brewster of eastern Sonora and western Chihuahua, but pectoral region, 
sides, flanks, under tail-coverts, and wing edgings paler and grayer. 


Range.—Upper Sonoran Zone in the Sierra de San Antonio, north central 
Sonora. 


Remarks.—Freshly collected material shows that Aimophila cahooni 
Brewster is synonymous with mcleodii, a fact which has long been accepted as 
extremely probable. Two specimens of the Rusty Sparrow taken by Robinette 
in northeastern Sonora have kindly been forwarded by Mr. John T. Zimmer 
of the American Museum of Natural History. One of these, from the head- 
waters of the Bavispe River, is typical mcleodii. The other, from Puerto de 
Los Pinitos (near Cuchuta) is in the worst possible plumage in spite of the 
date (October 14). However, such new feathers as appear here and there do 
not differ from those of corresponding body areas of mcleodii and it seems safe 
to say, therefore, that the range of mcleodii extends north along the Sierra 
Madre and closely adjacent ranges at least to latitude 30° 45’. 


As to habitat, the Rusty Sparrow seems to occupy distinctly different 
ecological environments at opposite ends of the range of the species. In El 
Salvador it is an inhabitant of open, broken terrain, over which grass, cactus, 
and short scrub are the dominant growths—much the same type of cover in 
which the Rufous-crowned Sparrow, Aimophila ruficeps, occurs most commonly 
in southern California and Arizona. In southern Sonora it was found exclu- 
sively in cafion undergrowth where there was an abundant mulch of oak leaves 
in which to scratch, in fact in places where one would most reasonably expect 
to find spurred towhees. The prefatory remarks of Thayer and Bangs (I.c.) 
indicate a similar habitat in the Sierra de San Antonio. These remarks are 
introduced as an incentive toward search for the species along the United 


States Boundary. 
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Vo . IX, No. 37, pp. 437-438, figs. 1, 2 October 1, 1942 


A NEW FLEA OF THE GENUS CERATOPHYLLUS' 


BYG 


G. F. AuGusTSON 
Allan Hancock Foundation, University of Southern California 


Ten fleas, labeled Ectoparasite No. 11, S.D.S.N.H., were collected 
on September 28, 1937, by Lewis W. Walker, taxidermist of the San 
Diego Natural History Museum, from a specimen of the California 
Brown Pelican (Pelecanus occidentalis californicus) taken on Los 
Coronados Islands, Lower California, Mexico. These parasites represent 
a new species. 


Ceratophyllus pelecani n. sp. 


Description of Holotype Female—Head: frontal notch prominent, 
acuminate; eye large, darkly pigmented; preantennal region with two rows of 
bristles, three medium bristles in upper row, three much longer in lower row; 
postantennal region with three short bristles and one very long bristle along 
posterior border of antennal groove; maxilla sharply acuminate; labial palpi 
falling slightly short of fore-coxa length. Body and Legs: pronotal ctenidium of 
twenty-five spines; three antepygidial bristles, the middle four times the length 
of the two equal, outer bristles; style short, thick, tapering from base to tip, 
total length not exceeding twice its greatest width; best identified by the large 
sinus in sternite vil, and the sub-equal upper and lower lobes (see illustration) ; 
tarsi and rest of legs as in other members of the genus. 


Description of Allotype Male—Head: frontal notch as in female; 
chaetotaxy of pre- and postantennal regions as in female; labial palpi equal 
in length to fore-coxa. Body and Legs: a single, long antepygidial bristle; tarsi 
and rest of legs as in female; best identified by the modified abdominal segments 
(see illustration), sternite v1 a moderately thick, long arm with five long 
apical bristles in addition to a spike-like membranous extension, sternite Ix 
with a knob-like posterior basal portion well covered with setae, the dorsal 
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portion weakly so; finger very characteristic, with four to five medium bristles 
along its outer edge; spring with two full turns. 


Allocation of Types—RHolotype: a female, from Pelecanus occidentalis 
californicus Ridgway; collected by Lewis W. Walker, Los Coronados Islands, 
Lower California, Mexico. Deposited in Los Angeles Museum, Los Angeles, 
California. Allotype: a male, collected and deposited as above. Paratypes: two 
females, six males, collected as above; one female, one male retained by writer; 
remainder to San Diego Society of Natural History, San Diego, California. 
Also deposited in Los Angeles Museum, one female Paratype collected by 
G. P. Kanakoff, March 22, 1940, Los Angeles Museum number 1940-767 
L.A.M., host—Peromyscus maniculatus elusus Nelson and Goldman, Santa 
Barbara Island, Los Angeles County, California. 


Type Host.—Pelecanus occidentalis californicus Ridgway. 
Type Locality.—Los Coronados Islands, Lower California, Mexico. 


Remarks.—Ceratophylli records from marine birds are not as common as 
should be expected. However, the true host for this parasite is apparently the 
marine bird from which it derives its name. 


Fig. 1. Ceratophyllus pelecani n. sp.; finger, clasper, sternites Ix, VIII; allotype 
male. 


Fig. 2. Ceratophyllus pelecani n. sp.; sternite vit, spermatheca; holotype female. 
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A PLEISTOCENE TORTOISE FROM THE 
McKITTRICK ASPHALT 


BY 


Love MILLER 
University of California at Los Angeles 


During the initial exploration by the University of California in the 
McKittrick asphalt beds, there was early recognized a fairly typical 
Pleistocene fauna of mammals and birds. These groups have been made 
the subject of study by a number of authors and a comprehensive survey 
of that work, together with original work of his own, was published a 
decade or so later by Schultz (1938). 


All the discussions thus far published have, however, been based 
practically exclusively upon the collections of mammals, birds, and 
plants. The purpose of this note is to record the single species of 
chelonian that has come to light. 


Gopherus agassizii 
DesERT TORTOISE 


There are in the collections associated with Miller’s Fauna No. 2, 
(L. Miller, 1935) and preserved at the California Institute of Tech- 
nology, a small number of unassociated bones representing the limbs 
and the shell elements of a tortoise not distinguishable from the Desert 
Tortoise of the southwestern states. Mr. H. T. Woodall, a graduate 
student in herpetology at the University of California, made a casual 
examination of the shell fragments without finding any specific peculi- 
arities, but his study was early interrupted by the world crisis. My own 
study has been concerned more especially with the limb bones. Our 
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conclusions are quite in harmony. The more conservative statement 
would be that no difference between the Recent and the Pleistocene 
phases is observable with so limited a representation available. 


It is most unfortunate that complete separation of all shell sutures 
was accomplished by long entombment in the plastic matrix and only a 
very few of the plates have been successfully rejoined in the laboratory. 
Original outlines of the carapace cannot therefore be approximated. An 
estimate of one plastron can, however, be ventured with a measure of 
confidence. 

Within the Mojave Desert area of California, the Recent animals 
show a wide range of variation in shell outlines and ratios of the several 
diameters. An equal variability is observable in the characters of limb 
bones as well. Articular surfaces, fossae and tuberosities that can be 
depended upon in determining bird bones, are much less reliable in the 
case of this reptile. A series of Modern skeletons of the Desert Tortoise, 
mostly from the Mojave Desert, easily includes in its range of variation 
the limited McKittrick material. 


Assuming that identification of the fossil material is correct, several 
questions present themselves. It is not likely that distribution of the 
Pleistocene animal was highly disjunctive. Along what physiographic 
pathway, then, did the McKittrick population commingle with the major 
population of the interior deserts? Secondly, having once occupied the 
hot, dry southern end of the San Joaquin Valley, why did it fail to 
survive? 

Regarding the pathway of diffusion there appear two possibilities. 
Grinnell states (1933) that the desert species of Antelope Chipmunk 
(Ammospermophilus leucurus) “spills over” into the upper Kern basin 
by way of Walker Pass. Several species of desert breeding birds and 
even the Joshua Tree (Yucca brevifolia) likewise make this crossing of 
the sierran summit, but the pathway from the upper Kern River basin on 
down into the semi-desert of the lower valley is biologically so unfavor- 
able to desert forms that it may be properly considered as blocked. 


This barrier, according to Dr. Robert Webb (oral statement) is 
seemingly of long standing in geologic time. It does not seem probable, 
therefore, that a tortoise so fully adapted to desert environment could 
ever have traversed this route. 

A much more plausible hypothesis would be that a more southern 
route had been followed—namely, through the western extension of 
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Antelope Valley, following more or less the San Andreas fault line 
(which shows post-Tertiary uplifting) and down into the San Emigdio 
and McKittrick area of more than semi-desert aspect. Along this path- 
way there would appear to be no such biotic barrier as would be 


presented by the lower Kern River Valley. 


Testudo mohavense Merriam (1919) lived in the Barstow area 
during late Miocene, and fragments of a gigantic tortoise were recovered 
by the writer at Ricardo from early Pliocene beds. Merriam considers 
his Testudo mohavense as more specialized than the somewhat similar 
Oligocene Stylemys of West American strata. It would seem, therefore, 
more logical to assume that Gopherus agassizii, which is so well adapted 
to desert life (L. Miller, 1932), had evolved to the eastward of the 
sierran divide and that McKittrick represents only a far flung western 
outpost of the species during a post-Tertiary expansion of its natal area. 
Miocene and Pliocene times, with their extensive marine encroachment, 
would certainly not have encouraged such an invasion. 

Why did it become extinct? The Antelope Ground Squirrel 
(Ammospermophilus nelsoni) was present in Pleistocene time and is 
still present, even extending as a distinct subspecies as far north as Los 
Banos. The Bendire Thrasher (Toxostoma bendirei) and the White- 
necked Raven (Corvus cryptoleucus) were present but failed to survive. 
The LeConte Thrasher (Toxostoma lecontei), a typical desert species, 
is present today, but we have no Pleistocene record of it. There is little 
evidence that McKittrick, during the Pleistocene (except very locally), 
was notably different as an ecologic environment from what it is today. 
Certainly no great change is indicated such as would bring about the 
extinction of this tortoise. 

Rather would I feel that he had perhaps extended his range to the 
extreme and had occupied in precarious fashion an area not entirely 
favorable. The slightest relaxation of the dispersal urge in his home 
area, accompanied perhaps by late elevation of parts of the highway of 
communication with the great reservoir of the natal desert, may have 
tilted the scale against him, causing his complete disappearance from this 
western outpost before the beginning of truly Recent time. 
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Titles of papers and new systematic names are in heavy-faced type. 


A 


A Colorado Desert Race of the Sum- 
mer Tanager, 13-14 


A Dimorphic Subspecies of the Bush- 
tit from Northwestern Mexico, 7-8 


A Key to the Pycnogonida of the Pa- 
cific Coast of North America, 253- 
264 

A New Cardinal from Central Lower 
California, Mexico, 215-218 


A New Chuckwalla from Santa Cata- 
lina Island, Gulf of California, 
Mexico, 285-288 


A New Coastal Form of Brush Rab- 
bit from the Vicinity of San Quin- 
tin Lower California, Mexico, 221- 
224 


A New Flea of the Genus Ceratophy- 
Ilus, 437-438 


A New Form of Perognathus formo- 
sus from the Mohave Desert Re- 
gion of California, 35-36 


A New Form of Pocket Gopher 
(Thomomys) from the Santa Cruz 
Mountains, California, 219-220 


A New Perognathus arenarius from 
Near the U. S.-Mexican Boundary 
in Lower California, 57-58 


A New Race of Cliff Swallow from 
Northwestern Mexico, 5-6 


A New Race of the Rusty Sparrow 
from North Central Sonora, Mex- 
ico, 435-436 


A New Silky Pocket Mouse from 
Southwestern Utah, 55-56 


A New Species of Legless Lizard from 
San Geronimo Island, Lower Cali- 
fornia Mexico, 225-228 


A New Species of Rattlesnake from 
Venezuela, 333-336 


A New Subspecies of the Western 
Worm Snake, 67-68 


A Pleistocene Tortoise from the Mc- 
Kittrick Asphalt, 439-442 


A Race of the Warbling Vireo from 
Guerrero, Mexico, 77-78 


A Vertebrate Faunal Survey of the 
Organ Pipe Cactus National Mon- 
ument, Arizona, 353-376 

Abbott, Clinton G., 43, 153, 211, 267, 327 

Abietinaria, 254, 255 

Abronia, 351 

Acacia greggii, 288 

Acanthina spirata, 240 

Acar bailyi, 42, 43 

panamensis, 40, 41, 43, 44 

Accipiter cooperii cooperti, 364 

striatus velox, 363 

Acmaea insessa, 240 

Acteon punctocaelatus, 240 

Actitis macularia, 365 


Adenostoma fasciculatum, 223 
sparsifolium, 222 

Aeronautes saxatalis saxatalis, 366 

Aesculus parryi, 341 

Agapostemon californicus, 38 
californicus clementinus, 38 
californicus psammobius, 37, 38 

Agave, 223 
shawii, 339 

Agelaius phoeniceus, 1, 382, 383 
phoeniceus fortis, 1, 2, 3, 4 
phoeniceus mailliardorum, 2 
phoeniceus neutralis, 2 
phoeniceus nevadensis, 1, 2, 3, 4 
phoeniceus sonoriensis, 1, 2, 3, 4, 

371, 382, 383, 384 
phoeniceus thermophilus, 383, 
384 

phoeniceus utahensis, 1, 2, 382 

Aimophila cahooni, 436 
rufescens antonensis, 436 
rufescens mcleodii, 435, 436 
ruficeps, 436 


Alaeuris, 288 

Alexander, Annie M., 267, 272, 277 
Allen, Harry B., 43 

Amiantis callosa, 241 

Ammodiscidae, 401 

Ammodiscus, 401, 424 
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Ammosphermophilus leucurus, 440 
nelsoni, 441 


Ammothea alaskensis, 256 
chelata, 255, 258 
discoidea, 256 
euchelata, 258 
gracilipes, 256 
latifrons, 256, 259 
longicaudata, 259 
nudiuscula, 256 
pribilofensis, 256 
simplissima, 256 
spinoseta, 256 
Ammothella bi-unguiculata, 255, 259 
bi-unguiculata californica, 259 
spinifera, 256 
tuberculata, 256 
Amphimorphina crassa, 411 
ignota, 410, 425 


Amphipolis squamata, 259 


Amphispiza bilineata deserticola, 373 
nevadensis canescens, 373 
nevadensis nevadensis, 373 


Amphissa columbiana, 237, 240 
reticulata, 237, 244 
ventricosa, 237 
versicolor, 240 


Amphisteginidae, 420 


An Apparently Unrecognized Race 
of Redwing from Utah, 1-4 


An Illustrated Note on the Mating 
and Egg-brooding Habits of the 
Two-spotted Octopus, 31-34 


Anagallis arvensis, 342 
Ancylandrena atoposoma, 347 


Anderson, F. M., 387, 388, 389, 392, 394, 
399 
Robert, 389, 394 


Andrena baeriae, 341, 345 
bryanti, 346 
candida, 345 
ensenadensis, 340, 345, 346 
escondida, 345 
oenotherae, 345 
osmioides, 345 
perimelas, 340, 345 
semicyanea, 346 
subtilis, 346 


Anemone, 32, 254 

Angel, F., 153, 292, 327 

Anniella geronimensis, 225, 227 
pulchra pulchra, 225, 227 


Anomalina alazanensis, 422 


cocoaensis, 423 
crassisepta, 422, 426 
dorri aragonensis, 394, 400, 423, 
426 
garzaensis, 422, 426 
Anomalinidae, 422 
Anomia peruviana, 242 


Anoplodactylus californiensis, 257 
erectus, 257 
nodosus, 257 
petiolatus, 258 
robustus, 257 


Antelope, Pronghorn, 362, 363 


Anthidium collectum, 37, 38 
collectum angelarum, 38 
collectum bilderbacki, 38 
porterae, 38 


Anthony, A. W., 427 


Anthophora curta, 349, 350 
(Micranthophora) curta ensena- 
densis, 349 


Antilocapra americana americana, 362 
Antirrhinum nuttallianum, 342 


Apantesis ornata ochracea, 350 
proxima autholea, 350 


Aphelocoma californica cactophila, 432, 
433, 434 
californica hypoleuca, 432, 433, 
434 
californica obscura, 432, 433, 434 
californica woodhousei, 368 


Apolymetis biangulata, 242 
Aquila chrysaetos canadensis, 364 
Arasim, E. F., 32 


Arca gradata, 39, 40, 41 
osmonti, 390 
pholadiformis, 41, 43 
(Byssoarca) pholadiformis, 41 
reticulata, 42 


Arctostaphylos, 222 
Ardea herodias treganzai, 363 


Arizona elegans, 144 
elegans occidentalis, 146 


Armstrong, F. B., 82 


Arnold, Lee W., 153, 185, 200, 211, 327 
Ralph, 231, 232, 234, 389, 394 


Arrington, O. N., 327 
Artemisia, 223 


Aseptis genetrix, 351 
perfumosa, 350 


Ashmeadiella californica, 350 
Malidees2 
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Asio wilsonianus, 366 

Asterigerina crassaformis, 420, 426 
Astragalus, 349, 350 

Atriplex, 374 

Atwill, E. R., 391, 394, 395, 397, 400 
Augustson, G. F., 437-438 


Auriparus flaviceps acaciarum, 368 
Autographa brassicae, 351 


B 


Badger, 360 
Baer, G., 61 
Baeria gracilis, 341 


Bailey, L. H., 57 
ARG pete 
Vernon, 268 


Baird, S. F., 93, 94, 111 
Balanus concavus, 243 
Baldpate, 363 

Bancroft, Margaret, 225 
Bangs, Outram, 435, 436 
Barbat, W. F., 389, 392 


Barbatia gradata, 41, 42, 43 
(Acar) gradata, 40, 41, 42, 43, 44 
pernoides, 42 
(Acar) pernoides, 42, 43, 44 
(Acar) pusilla, 43, 44 
(Acar) reticulata, 43, 44 


Barbour, Thomas, 153, 327 
Barnhart, P. S., 34 

Bartsch, Paul, 40, 41, 42 
Basilinna xantusii, 216 


Bat, Canyon, 360 
Desert Little California, 359 
Mexican Free-tailed, 360 


Bathysiphon eocenica, 400, 424 
Beatty, Harry A., 334 
Beebe, William, 59 


Bees Collected on the California Is- 
lands in the Spring of 1938, 37-38 


Behle, W. H., 382 
Benson, Seth B., 70 


Berry, S. S., 31 
W., 401 


Bifarina adelae, 414 
nuttalli, 390, 394, 400, 413, 425 


Bighorn, 363 
Bilderback, Norman, 37, 38, 64 


Bishop, Louis B., 1-4, 382 
Bittium asperum, 237 
catalinense, 237 
larum, 237 
ornatissimum, 237 
rugatum, 237 
Blackbird, Red-winged, 1, 371, 382, 383, 
384 
Sonora Red-winged, 371 
Yellow-headed, 371 


Bloomfield, Norris, 153 
Bocourt, F., 93, 157 


Bogert, Charles M., 64, 153, 179, 180, 
19053272335 


Bolivina aragonensis, 413, 426 
Bolivinopsis directa, 409, 425 


Bombomelecta callura, 38 
maculata, 38 


Bombus californicus, 37, 350 
crotchii, 350 
edwardsii, 350 


vosnesenskii, 350 
Bombycilla cedrorum, 370 
Bombylius albicapillus, 352 
Booby, 9, 10 
Botula diegensis, 238 
Boulenger, G. A., 93, 343 
Bouvier, E. L., 258 
Brady, H. B., 400 
Brandegee, T. S., 343 
Bresson, J. R., 95 
Broderip, W. J., 39, 40 
Brodiaea capitata, 341 
Brown, W. W., 95, 435, 436 
Bubo virginianus pallescens, 366 
Bucculatrix, 351 


Bufo alvarius, 374 
cognatus, 374 
punctatus, 374 


Bulimina corrugata, 400, 411, 425 
curtissima, 399, 412, 425 
garzaensis, 412, 425 
guayabalensis, 413, 425 
lirata, 413, 425 

Buliminella grata, 400, 411, 425 

Buliminidae, 411 

Bulla punc:ulatus, 244 

Bullus punctulatus, 240 

Bunting, Lark, 372 
Lazuli, 372 

Burro-weed, 223 
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Bursa californica, 237 
Burt, W. H., 145, 146, 148 
Bush-tit, 7, 435 


Buteo albonotatus, 364 
borealis calurus, 364 


Byssoarca pernoides, 42 
pusilla, 41, 42 


Cc 


Cactus, Cholla, 223, 360, 368, 369 
Flat-jointed, 223 
Giant, 357, 364, 365, 366, 367, 
3638 
Caenonympha california, 350 
Calamospiza melanocorys, 372 


Calliostoma canaliculatum, 238, 240 
costatum, 238 
gemmulatum, 240, 244 
tricolor, 240 


Callipallene californiensis, 257 
pacifica, 257 
palpida, 257 

Callisaurus ventralis ventralis, 374 


Calochortus davidsonianus, 343 
splendens, 343 
splendens davidsonianus, 343, 345 
weedii, 343 
weedii peninsularis, 343 


Calocitta colliei, 379 
colliei arguta, 379, 380 
colliei colliei, 380, 381 
formosa, 380, 381 


Calypte anna, 366 
costae, 366 


Calyptraea mamillaris, 240 
Campbell, Berry, 178 

Camptogramma neomexicana, 351, 352 
Cancellaria tritonidea, 238 

Cancer, 243 

Canis latrans mearnsi, 360 

Capella delicata, 364 

Capps, H. W., 352 


Cardinal Arizona, 372 
Santa Gertrudis, 216 


Cardita barbarensis, 248 
ventricosa, 238 


Carpenter, P. P., 42 

Carpodacus mexicanus frontalis, 372 
Cassidix mexicanus nelsoni, 371 
Cassidulina globosa, 421, 426 


Cassidulinidae, 421 

Castilleia stenantha, 342 

Cat, Desert Wild, 360 

Cathartes aura teter, 363 

Catherpes mexicanus conspersus, 369 
Catodon dugesii, 94, 129 


Catoptrophorus semipalmatus inornatus, 
365 


Ceanothus, 345 
Centurus uropygialus uropygialus, 367 
Cephalopod, 31, 32 
Ceratina acantha, 350 

arizonensis, 350 
Ceratophylli, 438 
Ceratophyllus pelecani, 437, 438 
Cercidium floridum, 288 
Cereus giganteus, 339 
Ceritidea californica, 240 
Chaenactis, 341 
Chaetura vauxi, 366 
Chama pellucida, 242 
Charadriiformes, 12 
Chattin, John E., 265-284 


Chilomeniscus, 148 
cinctus, 323 


Chilostomellidae, 420 
Chipmunk, Antelope, 440 
Chondestes grammacus strigatus, 373 
Chordeiles acutipennis texensis, 366 
Christensen, John W., 232 
Chuckwalla, 285, 374 
Santa Catalina Island, 285 
Church, C. C., 388, 392, 395, 398, 404 
Cibicides cushmani, 411, 423, 426 
martinezensis, 424, 426 
venezuelana, 423 
venezuelanus, 423, 426 


Circus hudsonius, 364 
Citellus harrisii harrisii, 360 


tereticaudus neglectus, 360 
variegatus grammurus, 360 


Clark, Alex, 245 
B. L., 395, 397, 398, 399 
J. H., 94 


Clarke, J. F. G., 351 
Clathurella conradiana, 238 
Clavulina communis, 403 


Clavulinoides cubensis, 402 
marielinus, 402 


INDEX TO VOLUME IX 447 


Clementia subdiaphana, 238 


Cnemidophorus, 178 
tessellatus tessellatus, 323, 375 


Cochran, Doris M., 153, 190, 327 
Coccidae, 352 


Cockerell, T. D. A., 37-38, 337-352 
W. P., 344-350 


Colaptes cafer collaris, 367 
chrysoides mearnsi, 367 


Coldenia, 339 
Cole, W .S., 403, 404, 405, 406, 413, 415, 
419, 421 
af 250 
Coleonyx variegatus, 323, 374 
Colossendeis californica, 256 


Coluber flagellum flavigularis, 144 
flagellum frenatum, 144 
flagellum frenatus, 375 
Piceus, 375 


Colubridae, 96 

Columbigallina passerina pallescens, 365 
Colymbus dominicus bangsi, 363 
Comstock, J. A., 351 


Contopus borealis, 85 
plebeius, 84, 86 
sordidulus, 84, 85 
veliei, 84, 85 

Conus californicus, 238, 240 


Convolvulus macrostegius, 342 
occidentalis, 342 


Cook, Lawrence H., 153, 190, 211 
Coot, American, 364 

Cope, E. D., 24, 94, 95, 107, 157, 163 
Coragyps atratus atratus, 363 

Corbula luteola, 238, 242 

Coreopsis maritima, 343, 346 
Corthylio calendula calendula, 370 


Corvus corax sinuatus, 368 
cryptoleucus, 441 


Coryell, H. N., 417 
Cottam, Clarence, 1 
Cottontail, Arizona, 362 
Cottonwood, 363 

Coues, Elliott, 85 
Covel, Paul, 219 


Cowbird, Bronzed, 355, 357, 358, 371, 
Dwarf, 371 


Cowles, Raymond B., 153, 179, 180, 181, 
190 


Cox, L. R., 40, 41, 43 


Covote, 368 
Desert, 360 


Crassinella branneri, 242 


Creosote Bush, 200, 357, 358, 360, 361, 
369, 373, 374 
Crepidula adunca, 238, 240 
crepidula lessoni, 240, 244 
excavata, 238, 240 
nummaria, 238, 240 
onyx, 238, 240 
princeps, 238 
Cribrina, 254 
Crimmins, M. L., 153 
Cristellaria asperuliformis, 408 
Crotalidae, 96 
Crotalus atrox, 375 
basiliscus, 333 
cerastes, 145, 146, 321, 375 
cinereous, 133, 144 
durissus, 333, 334 
durissus durissus, 333, 335 
durissus terrificus, 333, 335 
enyo, 333 
lucasensis, 144 
mitchelliit pyrrhus, 145, 146 
molossus molossus, 375 
ruber, 144 
scutulatus scutulatus, 375 
totonacus, 333 
unicolor, 333 
vegrandis, 334 
viridis oreganus, 128 
viridis viridis, 208 
Crotaphytus wislizenii, 374 
Crucibulum spinosum, 241 
Crustacea, 243 
Cryptantha intermedia, 340 
Cryptomya californica, 238, 242 
Ctenosaura hemilopha, 179 
Cumingia lamellosa, 242 
Cushman, J. A., 385-426 
Cyclammina samanica, 401, 424 
Cyprinodon macularius, 375 
Cyrtonyx montezumae, 378 
montezumae mearnsi, 378, 379 
montezumae montezumae, 378, 379 
montezumae morio, 379 


D 


Dactylopius opuntiae, 352 
Dafila acuta tzitzhoa, 363 
Daugherty, Anita, 153 
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Davis, W. B., 271 

Decachela discata, 254, 258 

Decachelidae, 258 

Deer, Mule, 362 

Delphinium parryi, 341 

Dendroica aestiva rubiginosa, 370 
auduboni auduboni, 370 
nigrescens, 370 
occidentalis, 371 
townsendi, 370 

Dentalina adolphina, 406 
halkyardi, 407 
hispido-costata, 400, 407, 425 
jacksonensis, 399, 407, 424 

Dentalium neohexagonum, 239, 243 


Derby, Lord, 83 


Descriptions of Three New Birds 
from Western Mexico, 9-12 


Deuel, James, 64, 153, 177, 190, 211, 327 

Diadasia difficilis, 349 
lutzi, 349 
vallicola, 349 

Diandrena beatula, 346 
chalybaea, 346 
chalybioides, 346 
clariventris, 346 
cyanosoma, 346 
foxii, 346 
gnaphalii, 346 
marinensis, 346 
nothocalaidis, 346 
olivacea, 346 
parachalybea, 346 
puthua, 346 
sanctorum, 346 
sperryi, 346 

Diasemia, 351 

Diatom, 392 

Dickey, Donald, 9 

Diodora aspera, 241 

Diplacus linearis, 342 

Dipodomys deserti deserti, 361 
merriami merriami, 361 
merriami simiolus, 323 
spectabilis perblandus, 361 

Dipsosaurus dorsalis dorsalis, 374 


Diptera, 352 
Discocyclina clarki, 398 


Donax californicus, 242 
gouldii, 242 


d’Orbigny, A., 416, 420 


Dorothia, 402, 426 
principensis, 402, 424 
Dosinia ponderosa, 242 


Dove, Mexican Ground, 365 
Mourning, 365 
Western Mourning, 365 
Western White-winged, 365 


Dryobates scalaris cactophilus, 367 
Dufourea descansana, 347, 348 
truncata, 348 
viridis, 348 
Duges, Alfred, 94, 178, 295, 315 
Dohrn, A., 259 
Dunn, E. R., 153, 327 
Durham, F., 269 


E 


Eagle, Golden, 364 
Batons) .05...25)L 
Effinger, W. L., 397 


Ellipsoglandulina multicostata, 417 
multicostata, 417 


Ellipsoidinidae, 405, 415 


Ellipsonodosaria modesta, 417 
rotundata, 416 


Ellipsopleurostomella curta, 416 
stewarti, 416, 426 


Embich, J. R., 417 


Emphoropsis miserabilis, 37, 38 
rugosissima, 349 


Empidonax, 80 
difficilis difficilis, 367 
griseus, 367 
hammondi, 367 


Encelia californica, 340, 344 
farinosa, 340 


Ephestioides nigrella, 351 
Epiblema strenuana, 351 
Epitonium indianorum, 238, 241 


Eponides patelliformis, 419, 426 
umbonata, 419, 426 


Eriodictyon parryi, 342 

Eriogonum fasciculatum, 340 

Eriophyllum confertiflorum laxiflorum, 342 
Erodium cicutarium, 341 

Erolia minutilla, 365 


Eschscholtzia californica, 342, 345 
californica, 342, 345 
peninsularis, 342 


Eupeodes volucris, 352 
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Euphonia flavifrons viscivora, 384 
Euphorbia, 288 
Euphyia implicata, 351 

williamsi, 351 


Eupithecia behrensata, 352 
miserulata, 351 


Eurycyde spinosa, 354 
Exline, H. I., 258 


F 


Falco mexicanus, 364 
sparverius phalaena, 364 
unicinctus, 378 

Falcon, Laughing, 10, 11 
Prairie, 364 

Festuca, 288 

Fie Wild) 215 

Finch, House, 372 

Flea, 437 

Flicker, Gilded, 367 
Mearns Gilded, 367 
Red-shafted, 367 


Flycatcher, Arizona Crested, 367 
Arizona Vermilion, 368 
Ash-throated, 367 
Beardless, 86 
Central American Derby, 81 
Derby, 80, 83 
Gray, 367 
Hammond, 367 
Interior Derby, 82 
Sonora Derby, 84 
Sulphur-bellied, 79, 80 
Texas Derby, 82 
Western, 367 


Flynn, T. T., 259 

Foraminifera from the Type Area of 
the Kreyenhagen Shale of Califor- 
nia, 385-426 

Force, Edith, 146, 148 


Fox, Denis L., 31-34 
Desert Kit, 360 
Scott Gray, 360 


Franklinia, 341 


Franseria, 223 
ambrosioides, 360 
chenopodiifolia, 341 


Frazar, M. A., 435 

Fremontia mexicana, 341 

Fulica americana americana, 364 
Fusinus barbarensis, 238 


G 


Gaige, Helen T., 153, 190, 327 
Gale, H. R., 231, 244, 245, 247 
Galloway, John, 389 

Gander, Frank F., 153, 288, 341 
Gari edentula, 238 

Garman, S., 94, 95, 111, 144, 157 
Gastropoda, 237, 240, 243 
Gecko, Western, 374 

Geococcyx californianus, 365 
Geometridae, 352 

Geothlypis trichas occidentalis, 371 
Gila Monster, 375 


Gilia dianthoides, 341 
lutea longistylis, 342 
Girard, C., 93, 94, 111 
Glauconia dissecta, 95, 112 
dulcis, 108, 112, 117 
humilis, #123 figoMise.1a4s 143 
myopica, 117 
nigricans, 93 
Glauconite, 416 
Globorotalia aragonensis, 400, 422, 426 
Globorotaliidae, 422 
Globulina gibba, 409, 425 
Gloyd, Howard K., 153, 327 


Gnatcatcher, Arizona Black-tailed, 369 
Western, 369 


Goldfinch, Green-backed, 372 
Goldman, E. A., 9 


Gopher, Borego Valley Pocket, 70 
Carrizo, Creek Pocket, 71 
Growler Valley Pocket, 360 
Pocket, 219, 267 
San Lorenzo Pocket, 219 


Gopherus agassizii, 375, 439, 441 
Gordon, Isabella, 253, 258 
Goudkoff, P. P., 388, 391 
Grackle, Nelson Great-tailed, 371 
Graham, J. D., 94 


Grant, Chapman, 95, 146, 148, 153 
U. S., 41, 43, 231, 244, 245, 247 


Grass, Galleta, 373 

Grater, R. K., 153, 190, 327 
Greasewood, 223 

Grebe, Mexican, 363 

Green, J. E., 72 

Greene, C. T., 352 


Greenway, James, 379 
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Grinnell, Joseph, 50, 71, 153, 278, 427, 
428, 433, 440 
Griscom, Ludlow, 10 


Grosbeak, Rocky Mountain Black-headed, 
Sf 
Western Blue, 372 
Guiraca caerulea interfusa, 372 
Gyroidina girardana, 419 
guayabalensis, 419 
orbicularis planata, 419, 426 
soldanii octocamerata, 418, 426 


H 


Hachisuka, The Marquess, 5-6, 7-8 
Halictoides, 348 


Halictus helianthi, 344 
ligatus, 344 
megastictus, 344 
mellipes, 343 
nigrescens, 344 
punctatoventris, 343 
sisymbrii, 344 
trizonatus, 343 


Hall, E. Raymond, 70, 267, 271 
EIA Vien 259 


Halosoma viridintestinalis, 257 
Hanna, G .D., 389, 396, 406, 418 
Hannum, Robert, 5, 7, 8 

Hantkenina dumblei, 399, 421, 426 
Hantkeninidae, 421 
Haplophragmoides acuticostatum, 401 
Harbison, Charles F., 355, 362, 363 
Hardy, Ross, 138, 153 

Harwood, R. D., 327 


Hawk, Cooper, 364 
Desert Sparrow, 364 
Harris, 364, 377 
Marsh, 364 
Sharp-shinned, 363 
Western Red-tailed, 364 
Zone-tailed, 364 


Hedgpeth, Joel W., 253-264 
Hedymeles melanocephalus papago, 372 
Heinrich, Carl, 351 

Heleodytes brunneicapillus couesi, 368 
Hellmayr, C. E., 7, 77, 80, 381 
Heloderma suspectum, 375 

Hemizonia, 346 

Herman, C. M., 437 

Heron, Black-crowned, 363 


Pallid Great Blue, 363 
Treganza, 363 


Herpetotheres cachinnans cachinnans, 11 
cachinnans chapmani, 10, 11 
cachinnans excubitor, 10, 11 


Hertlein, Leo G., 43 

Hesperapis nitidula, 340, 348, 349 
Hesperhodos, 343 
Heterohelicidae, 409 

Heteropogon senilis, 352 


Hill, Howard R., 71, 153, 327 
J. E., 278 


Hilton, W. A., 254, 258 
Himantopus himantopus mexicanus, 365 
Hirundo erythrogaster, 368 


-Hoard, Robert S., 153 


Homoeosoma, 351 
Housholder, Robert, 327 


Huey, Laurence M., 13, 35-36, 47-54, 55- 
96, 57-58, 69-76, 206, 215-218, 219- 
220, 221-224, 267, 276, 353-376, 427- 
434 


Hughes, D. D., 388 
Hull, B. J., 349 


Hummingbird, Anna, 366 
Costa, 366 
Rufous, 366 
Xantus, 216 


Hussong, John, 341 
Ruth, 341, 343 


Hutcheson, R. B., 389 
Hyalina californica, 241 
Hydrophorus, 352 


Hylocichla guttata guttata, 369 
guttata slevini, 369 
ustulata ustulata, 369 


Hyperammina elongata, 400, 424 
Hyperamminidae, 400 
Hypsiglena ochrorhynchus, 145, 176 


I 


Ibis, White-faced Gliese 363 
Ichthyura apicalis, 351 


Icterus bullocki, 371 
cucullatus californicus, 371 


Iridoprocne bicolor, 368 
Ironwood, 215 


Isomeris arborea, 341 
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J 


Jacana spinosa gymnostoma, 11, 12 
spinosa lowi, 11, 12 


James, M., 352 
Javelina, 362 


Jay, Desert California, 432 
Woodhouse, 368 


Jefferson, Thomas, 15 
Jocara trabalis, 340, 351 
Johnston, I. M., 399, 340 
Joshua Tree, 440 

Juan, Jose, 362 

Junco caniceps caniceps, 373 


Gray-headed, 373 
hyemalis hyemalis, 373 
oreganus mearnsi, 373 
oreganus shufeldti, 373 
Pink-sided, 373 
Shufeldt, 373 
Slate-colored, 373 


K 


Kanakoff, G. P., 438 
Kellogg, Louise, 267, 277 
Kew, W. S. W., 232 
Killdeer, 364 

Kingbird, Western, 367 


Kingfisher, Belted, 366 
Western Belted, 366 


Kinglet, Eastern Ruby-crowned, 370 

Kirn, A. J., 149, 153, 327 

Klauber, Laurence M., 59-66, 67-68, 87- 
162, 163-194, 195-214, 225, 227, 289- 
3325 535-356, 559 


Kleinpell, R. M., 398 
Kobler ibs @.. 153, 211 327 


L 


Lacuna unifasciata, 241 

Laevicardium corbis, 238 
procerum, 242, 244 
quadragenarium, 238, 242 
substriatum, 242 

Lagena acuticostata, 399, 409, 425 
orbignyana, 409, 425 

Lagenidae, 404 

Laiming, Boris, 388, 392 

Lampropeltis getulus californiae, 101, 180, 

208, 319 


[anes Wiens 


Lanius ludovicianus gambeli, 370 
sonoriensis, 370 


Laphygma exigua, 350 

Layia platyglossa, 341, 345, 346 

LeConte, John L., 94 

Lecythorhynchus marginatus, 255 

Leidy, Joseph, 15, 16, 17, 20, 21, 22, 23 
Lenticulina theta, 390, 405, 424 
Lepidoptera, 350 

Leptotyphlopidae, 93, 96 


Leptotyphlops albifrons, 59-68, 90-157 
bakewelli, 91, 104, 151 
bilineata, 63 
bilineatus, 104 
bressoni, 90-158 
columbi, 62, 64, 65 
dissectus, 90, 98, 104, 106, 107 
dulcis, 59-67, 90-157 
dulcis dissectus, 92-158 
dulcis dulcis, 92-158 
dulcis myopicus, 92-158 
humilis, 59, 67, 68, 91-159 
humilis cahuilae, 93-159 
humilis dugesii, 93-159 
humilis humilis, 67, 68, 93-160 
humilis segregus, 67, 68, 93-159 
humilis slevini, 93-159 
humilis tenuiculus, 93-159 
humilis utahensis, 90-159 
ihlei, 104, 119 
macrolepis, 92-144 
maximus, 92-158 
myopica, 112, 117 
myopicus, 90-107 
nigricans, 93 
phenops, 91, 104, 122, 151 
septemstriatus, 92 
subcrotilla, 61, 65 
tenella, 59, 65 
undecimstriatus, 68 


Lepus alleni alleni, 362 
californicus deserticola, 362 


Leslie, Elizabeth, 190, 211, 327 
Lichanura, 128, 133 

Lichty, Philip, 355, 362 

Lily, Mariposa, 343 

Lima dehiscens, 242 

Lindahl, Josua, 15, 20, 22 
Linnet, California, 179 

Linsley, Gordon, 38, 346 
Littlejohn, Chase, 220 
Lituolidae, 401 


452 SAN Deco Society of NAturAL History 


Lizard, California Legless, 225 
Clark Scaly, 375 
Desert Crested, 374 
Desert Scaly, 374 
Desert Side-blotch, 374 
Desert Whiptail, 323, 375 
Desert Zebra-tailed, 374 
Granite Night, 179 
Leopard, 374 
San Geronimo Legless, 225 


Lockington, W. N., 300 


Lonicera subspicata, 342 
subspicata denudata, 342 


Lophortyx gambeli gambeli, 364 

Lora, 241 

Lotus scoparius, 340, 341 

Loveridge, Arthur, 95, 153 

Low, George Carmichael, 12 

Lowe, H. N., 41 

Loxostoma applini, 414 

Loxestomum applini, 413 

Lucapinella callomarginata, 241 

Lucina acutilineata, 239 
californica, 239 
nuttallii, 239, 242 
tenuisculpta, 239 

Lupinus truncatus, 341 

Lycium, 340, 349, 372 

Lycodon lyrophanes, 181 

Lynx rufus baileyi, 360 

Lyon, Gretchen M., 15-30 


M 


Macoma calcarea, 239 
indentata, 242 
inquinata, 239 
moesta acolasta, 242 
nasuta, 242 
secta, 242 


Mactra californica, 242 
elegans, 242 
hemphilli, 242, 244 
nasuta, 242 
planulata, 242 


Magpie-jay, Collie, 379 
Malapai, 374 
Malvastrum fasciculatum, 341, 349 


Mangelia hecetae, 238, 241 
variegata, 241 


Manzanita, 222 
Mareca americana, 363 


Marginulina asperuliformis, 394, 396, 399, 
400, 408, 411, 425 
fragaria texasensis, 394 
mexicana, 398 
mexicana nudicostata, 398 
subbullata, 408, 425 
Marshall, B. C., 112 
Martinez, C., 177 
Massilina decorata, 404 
Martinottiella petrosa, 400, 403, 424 
Maury, Carlotta J., 41 
May, Art, 389 


Meadowlark, Lilian, 371 
Western, 371 
Medlar, W. P., 352 
Megaceryle alcyon caurina, 366 
Megalonychinae, 23 
Megalonyx jeffersonii, 15, 16, 17, 18, 19, 
20, 22, 24, 25, 26 
jeffersonii californicus, 22, 24 
leidyi, 15, 17, 18, 19, 20, 21, 22, 
24, 25 
milleri, 16, 17, 18, 19, 24, 25, 26, 
28 
sierrensis, 24 
wheatlyi, 24 


Megalonyx milleri, a New Pleistocene 
Ground Sloth from Southern Cali- 
fornia, 15-30 


Megatebennus bimaculata, 241 
Melampus olivaceous, 241 
Melanella hastata, 241 
micans, 241 
Melanostoma stegnum, 352 
Melecta callura, 38 
maculata, 38 
Melitta californica, 344 
haemorrhoidalis, 345 
leporina, 344 
longicornis, 344 
maritima, 344 
melanura, 345 
microstigma, 344 
tricincta, 344 
wilmattae, 344 
Melopelia asiatica mearnsi, 365 
Melospiza lincolni lincolni, 374 
melodia merrilli, 374 
Menken, Fred, 389 
Merriam, C. H., 268, 441 
Mesembryanthemum, 340 
Mesogramma marginata, 352 
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Mesquite, 72, 200, 205, 215, 357-375 
Metridium, 254 
Michener, C., 350 
Micropallas whitneyi whitneyi, 366 
Miliolidae, 404 
Miller, Alden H., 429 

GuS: >> 

Loye H., 16, 24, 439-442 

W. DeWitt, 379 


Mimus polyglottos leucopterus, 369 
Minnow, Pursy, 375 
Mistletoe, 369, 370 


Mitrella carinata, 241 
carinata gausapata, 238, 241 
tuberosa, 238, 241 


Mockingbird, Western, 369 
Mohavea, 340 
Molothrus ater obscurus, 371 
Moniliopsis incisa, 238, 241 
Monoleuca occidentalis, 351 
Montia linearis, 342 
Morrison, Harold, 352 
Mosauer, W., 148 
Mouse, Bailey Pocket, 361, 375 
Desert White-footed, 361 
Grasshopper, 358, 361 
Jacumba Valley Silky Pocket, 47 
Laguna Salada Pocket, 57 
Mohave Desert Long-tailed Pocket, 
35 
Pima Pocket, 360 
Pocket, 35, 47, 49 
Rock Pocket, 358, 361 
Sand Pocket, 361 
Silky Pocket, 55 
Virgin River Valley Silky Pocket, 
55 
Yuma Scorpion, 361 


Mulaik, Stanley, 153, 327 - 
Munz, P. A., 339 

Murray, Leo T., 153, 327 
Mya cancellata, 242 
Myadestes townsendi, 369 
Myers, George S., 153, 327 


Myiarchus cinerascens cinerascens, 367 
tyrannulus magister, 367 


Myiochanes brachytarsus, 86 
richardsoni richardsoni, 368 
virens, 84 
virens peninsulae, 85 
virens placens, 84, 86 


virens richardsonii, 85, 86 
virens saturatus, 85 
virens sordidulus, 85 


Myiodynastes luteiventris, 79 
luteiventris luteiventris, 79, 80 
luteiventris swarthi, 79, 80 
luteiventris vicinior, 79, 80 


Myotis californicus pallidus, 359 


N 


Nassarius californianus, 241 
cerritensis, 241 
fossatus, 241 
mendicus, 238, 241 
mendicus cooperi, 238, 241 
perpinguis, 238, 241 
egula, 241 
Natica clausa, 238 
Neotoma albigula albigula, 362 
albigula mearnsi, 362 
lepida, 362 
lepida harteri, 362 
Nelson, E. W., 9, 339 
Nematode, 288 
Nemophila, 349 
Nemoria delicataria, 351 
Neoterpes edwardsata, 352 
Neptunea tabulata, 238 
Netting, M. Graham, 64, 153, 327, 333 
Nettion crecca carolinense, 363 


Neverita alta, 238, 241, 244 
recluziana imperforata, 238, 241, 
244 


Nighthawk, Texas, 366 
Noble, G. K., 64, 153 
Nocloa rivulosa, 350 
Noctuelia bububattalis, 351 
Nodogenerina, 411, 425 


Nodosarella advena, 416, 425 
ignota, 417, 425 

Nodosaria aculeata, 406 
(Dentalina) consobrina, 418 
crassielegans, 407 
ewaldi, 417 
jacksonensis, 407 
knihnitziana, 406 
longiscata, 417 
olinata, 406 


Nomada avalonica, 349 
edwardsii, 37, 349 


edwardsii australior, 349 
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Notes on Some Mexican and Cali- 
fornian Birds, with Descriptions of 
Six Undescribed Races, 377-384 


Notes on Some North American 
Birds of the Genera Myiodynastes, 
Pitangus and Myiochanes, 79-86 

Novaculite, 392 

Nucula castrensis, 239 

exigua, 242 
Nuculana minuta praecursor, 248 
taphria, 239, 242 

Nuttall, W. L. F., 401, 406, 407, 409, 411, 
413, 414, 415, 416, 417, 419, 421, 422. 
423 

Nycticorax nycticorax hoactli, 363 

Nymphon gracile, 258 

grossipes, 255, 258 
heterodenticulatum, 255 
longitarse, 258 

mixtum, 258 

pixellae, 254, 255, 258 
solitarium, 258 
turritum, 258 


Nymphopsis spinosissimus, 256 


O 


Oak, 358 
Obelia, 255 


Oberholser, Harry C., 1, 382, 427, 428, 
433 


Oberholseria chlorura, 372 

Observations on Plants and Insects 
in Northwestern Baja California, 
Mexico, with Descriptions of New 
Bees, 337-352 

Ocotillo, 367 

Octopus, Two-spotted, 31 

Odocoileus hemionus, 362 

Oenothera micrantha, 341, 348 


Olivella biplicata, 241 
pedroana, 238, 241 


Oncocnemis cibalis, 350 
perscripta, 351 


Onychomys torridus perpallidus, 361 
Ophiuran, 259 

Oporornis tolmiei, 371 

Opuntia megacantha, 352 

Orcutt, C. R., 341 


Oreoscoptes montanus, 369 


Oriole, Arizona Hooded, 371 


Bullock, 371 
Ortenburger, A. I., 153, 327 
Orthocarpus purpurascens, 341 
Osmia nemoris, 350 
Ostrea lurida, 242 
Otus asio gilmani, 365 
Ovis canadensis, 363 


Owl, Arizona Elf, 366 
Burrowing, 366 
Elf, 366 
Horned, 366 
Long-eared, 366 
Sahuaro Screech, 365 
Western Burrowing, 366 
Western Horned, 366 


Oxyechus vociferus vociferus, 364 


P 


Paley, Alvin, 227 
Pallene, 259 


Palm, Blue Fan, 57 
Date, 215 
Fan, 215 


Palmer, C. W., 31 
Edward, 94, 95 


Palo Blanco, 215 
Verde, 361 


Panope generosa, 239 
Panurginus californicus, 348 


Parabuteo unicinctus, 377, 378 
unicinctus harrisi, 364, 378 


unicinctus superior, 377, 378 


Parandrena atypica, 347 
mendosa, 347 


Parker, H. W., 153 
Parra cordifera, 12 


Passerculus sandwichensis anthinus, 372 


sandwichensis brooksi, 373 


sandwichensis nevadensis, 372 


Passer domesticus domesticus, 371 

Passerina amoena, 372 

Paxman, A., 95, 138 

Pecari angulatus sonoriensis, 362 

Peccary, 362 

Pecten caurinus, 248 
gibbus circularis, 242 
hastatus, 239 
islandicus hindsii, 239 
islandicus jordani, 239 
latiauratus, 239, 242 
multirugosus, 239, 242 
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perrini, 390 
stearnsil, 239 
Pelargonium, 352 
Pelecanus occidentalis californicus, 437, 


438 
Pelecypod, 43 
Pelecypoda, 238, 241, 243 
Pelican, California Brown, 437 
Pemberton, J. R., 285 
Penner, L. R., 288 
Perdita layiae basalicola, 348 
Peridromia margaritosa saucia, 351 
Periploma planiuscula, 242 


Perizoma custodiata, 352 
epectata, 351 


Perkins, C. B., 153, 190, 211, 227, 327 
GeSiei53, 205° 211 


Perognathus amplus pergracilis, 49 
amplus taylori, 360 
arenarius, 97 
arenarius albescens, 57, 58 
arenarius ambiguus, 58 
arenarius mexicalis, 57, 58 
baileyi baileyi, 361 
formosus cinerascens, 35, 36 
formosus formosus, 35, 36 
formosus mesembrinus, 35, 36 
formosus mohavensis, 35, 36 
intermedius intermedius, 361 


longimembris, 47, 48, 49 


longimembris aestivus, 48, 49, 50, 


51, 53, 54 


longimembris arenicola, 49 


longimembris bangsi, 48, 49, 50, 


Sls 3305.35 


longimembris bombycinus, 48, 49, 


DOD aaa: 


longimembris brevinasus, 48, 50, 


51, 52, 54 


longimembris cantwelli, 48, 49, 50, 


52, 54 


longimembris internationalis, 47, 


48550, 51, 52, 53, 54 
longimembris kinoensis, 49 


Peters, 


maniculatus, 220 
maniculatus elusus, 438 


W., 93 


Petricola carditoides, 242 


denticulata, 242 


Petrochelidon albifrons albifrons, 6, 368 


Pewee, 


albifrons melanogaster, 5, 6 
albifrons minima, 5, 6 
swainsoni, 6 


Western Wood, 368 


Phainopepla nitens lepida, 370 


Phalaenoptilus nuttalli adustus, 366 


nuttallii dickeyi, 216 


Phalarope, Wilson, 365 
Phenacoccus gossypii, 352 
Phoebe, Black, 367, 368 


Say, 367 


Pholas gabbi, 242 
Phoxichilidium compactum, 257 


femoratum, 257 


parvum, 257 


Phoxichilus compactus, 254 


Phrynosoma solare, 375 
Phyllorhynchus, 133, 145, 146, 147, 195- 


Files 


browni, 201, 202, 204, 206 

browni browni, 196, 200-206, 209, 
DN 37D 

browni lucidus, 196, 202, 203, 
204, 206, 209, 211, 212 

decurtatus, 197, 201, 203, 205 

decurtatus browni, 197 

decurtatus decurtatus, 196, 197, 
200, 201, 206, 210 

decurtatus nubilis, 196, 197, 200, 
201, 205, 207, 210, 211, 212 

decurtatus perkinsi, 146, 147, 196- 
210} 3215 323 


Pintail, American, 363 
Pipilo fuscus aripolius, 216 


fuscus mesoleucus, 372 
maculatus montanus, 372 


Pipistrellus hesperus australis, 360 


longimembris longimembris, 48, 50 

longimembris pacificus, 48, 49, 50, 
D2 Oo: 

longimembris panamintinus, 55, 56 

longimembris venusta, 49 

longimembris venustus, 48, 50, 51, 
53, 54 

longimembris virginis, 55, 56 

penicillatus pricei, 361 


Peromyscus, 7 


eremicus eremicus, 361 


Piranga ludoviciana, 372 


rubra cooperi, 13, 14 
rubra hueyi, 13, 14 
rubra rubra, 14 


Pitangus sulfuratus palliatus, 84 


sulphuratus, 80, 81 

sulphuratus derbianus, 81, 82, 83, 
84 

sulphuratus guatimalensis, 81, 82, 
83, 84 

sulphuratus palliatus, 83, 84 
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Pitangus sulphuratus pallidus, 81 


sulphuratus texanus, 82, 83, 84 


Pitar squalidus, 242 
Pituophis sayi affinis, 375 


Planularia markleyana, 398, 399, 408, 425 


Plataea californiaria, 351 
Platanus rasemosa, 342 
Platynota stultana, 351 
Platystemon, 345 

Plectina garzaensis, 403, 424 


Plectofrondicularia garzaensis, 399, 410, 


425 
jenkinsi, 398 
mexicana, 411 
packardi, 410 
vaughani, 410 
_Plegadis guarauna, 363 
Pleurostomella acuta, 415, 425 
alternans, 415, 416 
naranjoensis, 415 
nuttalli, 415, 416, 425 
rimosa, 415, 425 
Ploas atratula, 352 
Pododesmus macroschisma, 239, 242 
Polinices lewisii, 238, 241 
Polioptila, 7 
caerulea amoenissima, 369 
melanura lucida, 369 


Polymorphinidae, 409 

Polypus bimaculatus, 31 
Pomegranate, 373 

Pooecetes gramineus confinis, 373 


Poorwill, San Ignacio, 216 
Sonora, 366 


Pope, Clifford, 327 
Popenoe, W. P., 232 
Protocardia centifilosa, 248 
Prunus ilicifolia, 342 


Psaltriparus melanotis, 7 
minimus, 7 
minimus dimorphicus, 8 
minimus lloydi, 8 
minimus plumbeus, 8 
Psephidia cymata, 239 
ovalis, 239 
salmonea, 239 


Pseudoboa coronata, 292 
neuwiedii, 292 
Pseudochama exogyra, 242 


Pullenia bulloides, 420 
eocenica, 399, 420, 426 


Pulvinulinella culter mexicana, 421 


tenuicarinata, 421, 426 


Purpura festiva, 241 


nuttallii, 241 


Pycnogonum rickettsi, 254 


stearnsi, 254 


Pyralid, 351 


Pyrocephalus rubinus flammeus, 368 


Q 


Quail, California, 220 


Desert, 359, 375 
Gambel, 364 
Montezuma, 378 


Quailbrush, 72 
Querquedula cyanoptera, 363 
Quick, John L., 16 


R 


Rabbit, Allen Jack, 358 


Antelope Jack, 355, 357, 362 
Brush, 221, 222, 223 

Desert Jack, 362 

San Quintin Brush, 221 


Racer, Red, 375 
Radiolaria, 390 
Radiolarian, 392, 396 
Rafinesquia californica, 342 


neomexicana, 342 


Rat, Ajo Wood, 362 


Baner-tailed Kangaroo, 357, 358, 
360, 361 

Desert Kangaroo, 360 

Giant Desert Kangaroo, 357, 358, 
361 

Merriam Kangaroo, 361 

White-throated Wood, 362 


Rattlesnake, Black-tailed, 357, 375 


Desert Diamond, 144, 375 
Mohave, 375 
Uracoan, 334 


Raven, American, 368 


White-necked, 441 


Reamer, H. Hollis, 232 
Red-shank, 222 

Redwing, Utah, 2 

Reeve, L. A., 39, 40 
Reinhart, Philip W., 39-46 
Rena dugesii, 129 


dulcis, 93, 108 
humilis, 93, 123, 129, 132, 134, 
143 
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tenuicula, 143 


Retusa carinata, 241, 244 
culcitella, 241 
Rhamphomyia, 352 
Rhinocheilus, 128, 291-327 
antonii, 295, 314 
lecontei, 144, 146, 291, 293, 295, 
296, 302, 308, 324, 325, 326, 
330 
lecontei antonii, 291, 295, 296, 302- 
330 
lecontei clarus, 296, 299, 300, 302, 
307, 308, 309-330 
lecontei lecontei, 292, 296, 298-330 
lecontei tesselatus, 302 
lecontei tessellatus, 291, 295, 296, 
298, 300, 302, 303-330 
lecontei, 296, 302 
thominotii, 291, 292 


Rhinochelus lecontei tessellatus, 302 
Rhinochilus antonii, 315 
lecontei, 296, 302 
leconteii, 296, 302 
tessellatus, 302 
Rhizamminidae, 400 
Richards, Ralph, 388 
Richardson, W. B., 10, 12 


Richmondena cardinalis ignea, 216, 217 
cardinalis seftoni, 216, 217 
cardinalis superba, 216, 217, 372 

Ridgway, John L., 16, 22, 28 
Robert, 80, 105, 173, 200, 205, 

29953063512 39815 352 


Riley, J. H., 384 

Road-runner, 365 

Robin, Western, 369 

Robulus alato-limbatus, 404, 424 
articulatus, 404 
gyroscalprus, 405, 424 
pseudovortex, 404, 405, 424 
terryi, 405 
welchi, 398, 404, 424 

Rodgers, Thomas, 153, 327 

Rodman, Gage B., Jr., 178, 180 

Romneya trichocalyx, 344 


Rosa minutifolia, 222, 339, 343, 345, 346, 
347, 348 
(Hesperhodos) minutifolia, 342 
minutifolia alba, 343 
stellata, 342 


Rosas, Francisco, 341, 352 
Rose, Wild, 222 
Rotaliidae, 418 


Ruthven, A. G., 93 


S 


Saccorhiza ramosa, 400 

Sage, Bur, 223 

Sage-brush, 223 

Sahuaro, 367 

Salpinctes obsoletus obsoletus, 369 
Salt Bush, 200, 205 

Sanders, Earl, 149, 153, 327 


Sandpiper, Eastern Solitary, 365 
Least, 365 
Solitary, 365 
Spotted, 365 
Western Solitary, 365 


Sandstone, Avenal, 389, 391, 392, 393, 
397, 398, 399 
Domengine, 392 
Eocene, 413 
Miocene, 389, 391, 394, 396 
Miocene Temblor, 389, 396 


Sanguinolaria nuttallii, 242 
Sapsucker, Red-naped, 367 


Sauromalus ater, 285, 287, 288 
klauberi, 285, 287, 288 
obesus, 374 
slevini, 285, 287, 288 


Saurophagus Derbianus, 82 
guatimalensis, 81 


Saxicava arctica, 239 
Sayornis nigricans nigricans, 367 
saya saya, 367 
Scaphiopus couchii, 374 
Scaphopoda, 239, 243 
Sceloporus, 179 
clarkii clarkii, 375 
magister magister, 374 
Schenck, H. G., 398 
Schizothaerus nuttallii, 239, 242 
Schmidt, Karl P., 64, 153, 327 
Schultz, J. R., 439 
Schwager, C., 415 
Schwarz, H. F., 38 
Sclater, W. L., 78, 85 


Scott, J. T., 341 
Vivian, 341, 348 


Scripps, Robert P., 37 
Scytale coronatum, 292 
Sefton, Joseph W., Jr., 216 


Seila montereyensis, 238 
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Selasphorus rufus, 366 


Semele decisa, 242 
pulchra, 242 


Sessions, Kate, 341 


Shale, Kreyenhagen, 387-422 
Lobitos, 401 
Pauji, 423 
Shaw, Charles E., 146, 153, 177, 190, 
205, 211, 225-228, 285-288, 327 


Sheep, Mountain, 358, 359, 363 
Shoveller, 363 
Sureve Bo (11, 12081440152 


Shrike, California, 370 
Sonora White-rumped, 370 


Siagonodon, 93, 94 
dugesti, 93, 129 
humilis, 95, 123, 130, 132, 134, 
137, 140 
septemstriatus, 93 


Sidewinder, 177, 375 
Siegfus, S. S., 385-426 
Sigmoilina, 404, 424 

Silene gallica, 342 
Silicoflagellate, 392 

Siltstone, Canoas, 387-423 
Sinclair, W. J., 24 

Skunk, Arizona Spotted, 360 
Slevin, |. Riv 64. 107, 132, 153198,327 
Sloth, Ground, 15, 23 
Smith, Mrs. H. H., 77, 78 


Hobart M., 295, 315, 327 
DES 167595 9140 


Snake, Arizona Gopher, 375 
Blind, 93 
California Lyre, 169 
Cloudy Leaf-nosed, 197 
Desert Leaf-nosed, 207 
Desert Long-nosed, 308 
Desert Worm, 134 
Eastern Long-nosed, 302 
Gopher, 179 
Guerrero Worm, 120 
King, 101, 180, 201, 319 
Leaf-nosed, 197, 211 
Long-nosed, 291 
Lower California Leaf-nosed, 206 
Lyre, 165, 166, 167, 176, 177, 189, 

191 

Maricopa Leaf-nosed, 202 
Mexican Long-nosed, 314 
Mexican Worm, 129 
Michoacan Worm, 122 
New Mexican Worm, 112 


Pima Leaf-nosed, 204, 357, 375 


San Lucan Worm, 132 
San Luis Potosi Worm, 143 
Sharp-nosed, 291 
Sonoran Lyre, 181 
Tampico Worm, 117 
Texas, Lyre, 187 
Texas Worm, 108 
Trans-Pecos Worm, 140 
Utah Worm, 137 
Western Long-nosed, 296 
Western Worm, 123 
Worm, 59-67, 91-157 

Snipe, Wilson, 364 

Solen sicarius, 239 

Solitaire, Townsend, 369 

Sonora occipitalis, 146, 147, 314, 323 

Sowerby, G. B., 39, 40 

Spanish Bayonet, 367 

Sparrow, Black-chinned, 358 
Brewer, 373 
Brooks Savannah, 373 
California Sage, 373 
Chipping, 373 
Desert, 373 
Desert Black-throated, 373 
English, 371 
Gambel, 373 
La Chumata Rusty, 436 
Merrill Song, 374 
Mexican Black-chinned, 373 
Mountain Lincoln, 374 
Nevada Sage, 373 
Nevada Savannah, 372 
Rufous-crowned, 436 
Rusty, 436 
Savannah, 372 
Song, 374 
Western Chipping, 373 
Western Lark, 373 
Western Savannah, 372 
Western Vesper, 373 
White-crowned, 373 


Spatula clypeata, 363 
Speotyto cunicularia hypugaea, 366 
Sperry, John L., 350 
Sphaeralcea ambigua, 341, 349 
Sphyrapicus varius nuchalis, 367 
Spilogale gracilis arizonae, 360 
Spinus psaltria hesperophilus, 372 
Spiroloculina, 396, 399, 404, 424 
Spiroplectoides curta, 410 

directa, 409 


Spizella atrogularis atrogularis, 373 
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breweri breweri, 373 
Passerina arizonae, 373 

Squaw Berry, 372 

Squirrel, Antelope Ground, 441 
Gray-tailed Antelope Ground, 360 
Round-tailed Ground, 360, 375 
Say Rock, 360 

Steganopus tricolor, 365 

Stejneger, Leonhard, 93, 111, 153, 178, 

3 27/ 

Stelgidopteryx ruficollis serripennis, 368 

Stenostoma albifrons, 93 
qisles05 0-106; 112, 117 
humile, 123, 129, 132, 134 
myopicum, 94, 117 
rubellum, 93, 94, 108, 111, 112 
tenuiculum, 94, 143 

Stephens, Frank, 71, 268 

Stephensen, K., 258 

Stewart, Ralph, 388 

Stilt, Black-necked, 365 

Stimpson, W., 259 

Stock, Chester, 15, 16, 22, 23, 24 

Storey, Margaret, 327 

Stover, Allan, 70 

Strong, A. M., 42 

Sturnella magna lilianae, 371 
neglecta, 371 

Stylemys, 441 

Sula leucogastra albiceps, 9, 10 
leucogastra brewsteri, 9, 10 
leucogastra etesiaca, 9 

Surculites carpenterianus, 238 

Swainson, W., 6 

Swallow, Barn, 368 
Cliff, 5 
Northern Cliff, 368 
Rough-winged, 368 
Tree, 368 
Violet-green, 368 

Swarth, H. S., 1, 85, 432, 433 

Swift, Vaux, 366 
White-throated, 366 

Sylvilagus audubonii arizonae, 362 
bachmani, 220, 223 
bachmani cinerascens, 221, 222, 

223 

bachmani exiguus, 221, 222, 223 
bachmani howelli, 221, 222, 223 


bachmani rosaphagus, 221, 222, 


223, 
Synaxis cervinaria, 351 


Syrphid, 352 


a 


Tachycineta thalassina lepida, 368 
Tadarida mexicana, 360 
Tagelus californianus, 242 
Tanager, Summer, 13 
Western, 372 
Tanagra elegantissima, 384 
elegantissima rileyi, 384 
elegantissima viscivora, 384 
Tangavius aeneus milleri, 371 
Tanner, V. M., 95, 138, 145, 153, 327 
Wilmer, 327 


Tanystylum californicum, 255 
duospinum, 255 
intermedium, 255 
nudum, 255 
occidentalis, 255 

Taras parilis sericatus, 242 

Taxidea taxus berlandieri, 360 

Taylor, E. H., 59, 96, 146, 153, 165, 168, 

178, 182, 190, 327 

Teal, Cinnamon, 363 
Green-winged, 363 

Tegula ligulata, 241 

Tellina bodegensis, 242 
buttoni, 242 
meropsis, 242 

Telmatodytes palustris plesius, 368 

Terebra albocincta pedroana, 238, 241 

Testudo mohavense, 441 

Tetralonia albopilosa, 349 
belfragei, 349 
cordleyi, 37 
robertsoni, 349 

Textularia aragonensis, 413 
mississippiensis, 401, 424 

Textulariidae, 401 

Thayer, John E., 435, 436 


The Distribution of Pocket Gophers 
in Southeastern California, 265-284 


The Holotype of Barbatia (Acar) 
gradata (Broderip and Sowerby), 
39-46 


The Long-nosed Snakes of the Genus 
Rhinocheilus, 289-332 


The Lyre Snakes (Genus Trimorpho- 
don) of the United States, 163-194 


The Paleontology and Stratigraphy 
of the Pleistocene at Signal Hill, 
Long Beach, California, 229-252 
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The Silky Pocket Mice of Southern 
California and Northern Lower 
California, Mexico, with the De- 
scription of a New Race, 47-54 


The Worm Snakes of the Genus Lep- 
totyphlops in the United States 
and Northern Mexico, 87-162 


Thomomys albatus, 278 

bottae, 266, 267, 280, 281 

bottae aderrans, 70, 71, 72, 268, 
LID AZT ONLIe. 

bottae albatus, 70, 71, 72, 266, 268, 
272, 273° TA Dy5s DI6, 277 
278, 280, 281 

bottae boregoensis, 70, 71, 72, 
266, 268s 269% 272-62 /D. 2716: 
277, 278, 280, 281 

bottae bottae, 219, 220 

bottae cabazonae, 269 

botae centralis, 266, 268, 270, 271, 
274, 280 

bottae crassus, 266, 268, 274, 278, 
280, 281 

bottae growlerensis, 360 

bottae lorenzi, 219, 220 

bottae lucidus, 69, 70, 71, 72 

bottae mohavensis, 266, 268, 269, 
270, 272, 273, 280, 281 

bottae perpallidus, 69, 70, 72, 266, 
263) 2695 272.2755 27) 2765 
277, 280, 281 

bottae providentialis, 266, 268, 269, 
270, 27) 2/2274 OO eo 

bottae riparius, 266, 268, 270, 271, 
272, 273, 274, 278, 280, 281 

bottae rupestris, 266, 268, 269. 
270, 272, 273, 274, 275, 276, 
280, 281 

perpallidus albatus, 71 

perpallidus centralis, 271 

perpallidus mohavensis, 269 

perpallidus riparius, 273 

providentialis, 270 

talpoides perpallidus, 268 


Thompson, J. Walcott, 1 


Thracia trapezoides, 248 
undulata, 239 


Thrasher, Bendire, 381, 441 
Crissal, 369 
Curve-billed, 149 
Desert, 216 
Leconte, 357, 369 
Palmer, 355, 357, 368, 369 
Sage, 369 


Three New Worm Snakes of the Ge- 
nus Leptotyphlops, 59-65 


Thrush, Alaska Hermit, 369 
Monterey Hermit, 369 
Russet-backed, 369 


Thryomanes bewickii, 427 
bewickii atricauda, 428, 429, 430, 
431 
bewickii carbonarius, 428 
bewickii cerroensis, 427, 428, 429, 


430, 431 
bewickii charienturus, 427, 428, 
429 


bewickii correctus, 428, 429, 430 

bewickii eremophilus, 368 

bewickii magdalenensis, 428, 430, 
431 


Thryothorus cerroensis, 427 

Tieje, A. J., 232 

Timberlake, P. H., 343, 344, 345, 346, 
347, 348, 349, 350 


Tivela stultorum, 243 


Toad, Desert Spoted, 374 
Giant, 374 
Great Basin 374 
Regal Horned, 375 
Sonoran Spadefoot, 374, 375 


Tolman, Frank, 389 
Tortoise, Desert, 375, 439, 440 
Totanus melanoleucus, 365 


Towhee, Canyon, 372 
Green-tailed, 372 
San Pablo Brown, 216 
Spotted, 358 
Spurred, 372, 436 
Toxostoma bendirei, 381, 441 
bendirei bendirei, 381, 382 
bendirei candidum, 381, 382 
bendirei rubricatum, 381, 382 
curvirostre palmeri, 369 
dorsale dorsale, 369 
lecontei, 441 
lecontei arenicola, 216 
lecontei lecontei, 369 


Trapido, Harold, 153, 327 
Trapier, Paul E., 2 
Trichosellus cupes deserticola, 340, 350 
Tricolia compta, 241 
pulloides, 241 


Trifarina, 415 
advena, 415, 426 
Trifolium variegatum, 342 
Trimorphodon biscutatus, 181, 185, 186 
lambda, 165, 166, 167, 169, 178, 
181, 182, 186, 187, 191 
lyrophanes, 164, 165, 166, 167, 
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169, 174, 175, 176, 178, 180, Uvigerina churchi, 392, 399, 414, 425 
181, 182-192 cocoaensis, 391, 394, 395, 396, 
paucimaculatus, 164, 185 397, 400 
upsilon, 186, 188, 189 elongata, 414 
vandenburghi, 145, 164, 166, 167, garzaensis, 414, 425 
169, 170-192 rippensis, 414 
vilkinsonii, 164, 165, 181, 185, 
187, 189, 191 
wilkinsonii, 187 v 


Tringa solitaria cinnamomea, 365 
solitaria solitaria, 365 


Tritaxilina colei, 403, 424 


Vaginulina legumen elegans, 405 
Valvulineria advena, 400, 418, 426 


texana, 418 
aie en era eee Valvulinidae, 402 
poulsoni, 238, 241 Van Denburgh, J., 93, 107, 178 
Trochammina, 390, 404 Van Duzee, E. P., 340 
Trochamminidae, 404 van Rossem, A. J., 1, 5-6, 7-8, 9-12, 13-14, 


77-78, 79-86, 377-384, 435-436 
Van Tyne, J., 7 
Vanderhorst, Adrian, 153, 327 


Troglodytes domesticus parkmanii, 368 


Trophon eucymata, 238 
multicostatus, 238 


pacificus, 238 Vanessa cardui, 350 
Tubinella jenningsi, 417 Venerupis staminea, 243 
Turbonilla pedroana, 238, 241 staminea laciniata, 243 

torquata, 241 Venus fluctifraga, 243 

tridentata, 241 gnidia, 243 
Turcica caffea, 238 purpurissata, 243, 244 
Turdus migratorius propinquus, 369 Verbena, Sand, 351 
Turritella cooperi, 238, 241 Verdin, Arizona, 368 

jewettii, 248 Vermivora celata lutescens, 370 

variata, 398 celata orestera, 370 
Twining, Howard, 149 luciae, 370 
Two New Pocket Gophers from the Verneuilinidae, 402 

Desert Slope of Eastern San Diego Vespula occidentalis, 37 
County, California, 69-76 pennsylvanica, 37 
Two New Subspecies of Phyllorhyn- Viguiera laciniata, 341 
chus, the Leaf-nosed Snake, with Vireo amauronotus, 77, 78 
Notes on the Genus, 195-214 Arizona Least, 370 
Two New Wrens and a New Jay from belli arizonae, 370 
Lower California Mexico, 427-434 Cassin, 370 
Typhlopidae, 93 gilvus, 77 
Torannidae. 79.80 gilvus connectens, 77 
y pees. gilvus swainsoni, 370 
Tyrannus verticalis, 367 leucophrys, 77 
solitarius cassini, 370 
U Warbling, 77 
Western Warbling, 370 
Uhler, F. M., 153 Vokes, H. E., 397, 398, 399 
Urick, Robert J., 232 Volsella recta, 243 
Drocyon cinereoargenteus scottii, 360 Volvulella cylindrica, 241 
Uta, Arizona Rock, 374 von Bloeker, John, 49 


ornata symmetrica, 374 
srapebuciaia, 323 Von Estorff, F. E., 389, 394 


stansburiana hesperis, 179 Vorhies, Charles T., 153, 327 
stansburiana stejnegeri, 374 Vulpes macrotis arsipus, 360 
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Vulture, Black, 363 
Western Turkey, 363 


Vulvulina colei, 402 
curta, 401, 402, 424 


WwW 


Walker, Lewis W., 437, 438 


Warbler, Alaska Yellow, 370 
Audubon, 370 
Black-throated Gray, 370 
Golden Pileolated, 371 
Hermit, 371 
Lucy, 370 
Lutescent, 370 
MacGillivray, 371 
Northern Pileolated, 371 
Rocky Mountain Orange-crowned, 

370 
Townsend, 370, 371 


Waxwing, Cedar, 370 

Webb, Robert, 440 

Wetmore, Alexander, 1, 371, 382 
Whipsnake, Black, 375 
Wilkinson, Edward, 94 

Willet, Western, 365 

Wilson, Florence B., 343 


Wilsonia pusilla, 371 
pusilla chryseola, 371 
pusilla pileolata, 371 


Winterer, E. V., 389 

Wood, Wallace F., 137 

Woodall, Harold, 153, 166, 190, 327, 439 
Woodin, William, III, 153 


Woodpecker, Cactus, 367 
Gila, 367 


Wood-pewee, 84, 85 
Woodring, W. P., 232, 247, 249, 398 
Worthington, W. W., 63 


Wren, Baird, 368 
Bewick, 427, 428 
Canyon, 369 
Cedros Island Bewick, 430 
Magdalena Bewick, 430 
Mid-peninsula Bewick, 429 
Northern Cactus, 368 
Rock, 369 
Sooty Bewick, 429 
Western House, 368 
Western Marsh, 368 
Wright, A. H., 153 
Io Wea, BHD, Skoil 


Wylie, Fred H., 343, 345, 349 


X 


Xanthocephalus xanthocephalus, 371 
Xantus, J., 9, 10, 94 


Xantusia henshawi, 145, 176, 178, 179 


vigilis, 179 
Xenoglossodes davidsoni, 349 


Y, 


Yellowlegs, Greater, 365 
Yellowthroat, Western, 371 


Yoldia cooperi, 243 
scissurata, 239 


Yucca brevifolia, 440 


Z 


Zamore, Julia, 350 
Zenaidura macroura marginella, 365 
Zimmer, John T., 79, 80, 82, 436 


Zonotrichia leucophrys gambeli, 373 
leucophrys leucophrys, 373 


Zosteropoda hirtipes, 350 
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